Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 





aSB945 
-G9H33 
1999 


Forest Health 
Technology Enterprise Team 


TECHNOLOGY 


12 
RANSFER Non-Target Impacts 


Assessment of Risk to Non-Target Macro- 
Moths After Bacillus thuringiensis var. 
kurstaki Application to Asian Gypsy Moth 

| in the Cape Fear Region of 
North Carolina 





Stephen P. Hall 
James B. Sullivan 
Dale F. Schweitzer 


cH Re 
a & Sete 
ae Forest Health Technology Enterprise Team — Morgantown, West Virginia 


On paae 


USDA United Seer Forest FHTET-98-16 
= Department 0 >A Service June 1999 


Agriculture 





The use of trade, firm, or corporation names in this publication is for information only and does not 
constitute an endorsement by the U. S. Department of Agriculture. 





Information about pesticides appears in this publication. Publication of this 
information does not constitute endorsement or recommendation by the U. S. 
Department of Agriculture, nor does it imply that all uses discussed have been 
registered. Use of most pesticides is regulated by State and Federal law. Applicable 
regulations must be obtained from appropriate regulatory agencies. CAUTION: 
Pesticides can be injurious to humans, domestic animals, desirable plants, and fish or 
other wildlife if not handled or applied properly. Use all pesticides selectively and carefully. Follow 
recommended practices given on the label for use and disposal of pesticides and pesticide containers. 





Cover Photo: Venus Flytrap Moth (Hemipachnobia subporphyrea (Walker)) 


United States 
Department of 
Agriculture 


Fy 


National Agricultural Library 


The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national 
origin, gender, religion, age, disability, political beliefs, sexual orientation, and marital or familial status. (Not all prohibited bases apply to all 
programs.) Persons with disabilities who require alternative means for communication of program information (Braille, large print, audiotape, 
etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD). 


To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326-W, Whitten Building, 14th and Independence 
Avenue, SW, Washington, DC 20250-9410 or call (202) 720-5964 (voice or TDD). USDA is an equal opportunity provider and employer. 





ASSESSMENT OF RISK TO NON-TARGET MACRO-MOTHS 
AFTER BTK APPLICATION TO ASIAN GYPSY MOTH IN 
THE CAPE FEAR REGION OF NORTH CAROLINA 


Stephen P. Hall', James B. Sullivan’, and Dale F. Schweitzer? 


'North Carolina Natural Heritage Program 
Division of Parks and Recreation 

P.O. Box 27681 

Raleigh, NC 27611-7687 


Retired, Duke University 
200 Craven Street 
Beaufort, NC 28516-2119 





3The Nature Conservancy 
1761 Main Street 
Port Norris, NJ 08349 


USDA, National A ricultu l 
Siena g ral Library 
10301 Baltimore Blyd 

Beltsville, MD 20705-2351 





For additional copies of this publication, contact either Stephen Hall in 
Raleigh, NC at (919)715-8688, Richard Reardon in Morgantown, WV at 
(304)285-1566, or a County Cooperative Extension Service office. 








We thank the large number of people and organizations who made significant contributions to this investigation. 


The North Carolina Asian Gypsy Moth Management Team and its Scientific Advisory Committee made this project pos- 
sible, both by providing protection for key natural areas and by supporting the subsequent non-target monitoring efforts. 
The North Carolina Asian Gypsy Moth Management Team was composed of representatives from the following agencies 
and organizations: USDA Forest Service, USDA Animal and Plant Health Inspection Service, Military Ocean Terminal at 
Sunny Point, North Carolina Department of Agriculture Division of Plant Industry, North Carolina Department of Envi- 
ronment and Natural Resources (NCDENR) Division of Forest Resources, NCDENR Division of Epidemiology, NCDENR 
Division of Parks and Recreation, and the North Carolina Chapter of the Nature Conservancy. Funding for this project was 
provided by the USDA Animal and Plant Health Inspection Service and Forest Service Forest Health Technology Enterprise 
Team. Richard Reardon, Forest Service Forest Health Technology Enterprise Team, provided administrative and technical 
oversight for the contract. 


North Carolina Natural Heritage Program personnel responsible for selecting the natural areas to be protected include 
Stephen Hall, Michael Schafale, and Richard LeBlond. Lloyd Garcia and Daniel Wall, North Carolina Division of Plant 
Industry, played key roles in coordinating the protection efforts between the Natural Heritage Program and North Carolina 
Department of Agriculture. John Taggart, North Carolina Division of Coastal Management, and Paul Hosier, North 
Carolina National Estuarine Research Reserve, provided assistance in locating survey sites on Bald Head Island. Anthony 
Gaw, Facilities Engineering Division, provided the same assistance at the Military Ocean Terminal at Sunny Point. 


The following agencies and landowners allowed access to their property during the survey: U.S. Military Ocean Terminal at 
Sunny Point; U.S. Army Corps of Engineers; North Carolina Division of Coastal Management; North Carolina Wildlife 
Resources Commission; North Carolina Division of Parks and Recreation; University of North Carolina at Wilmington; the 
Nature Conservancy; Bald Head Island Corporation; Reeves Telecom, Incorporated; and International Paper Corporation. 


Field operations were supervised by J. Bolling (Bo) Sullivan. Specimens were collected primarily by three technical assistants: 
Richard Broadwell, Bradley Smith, and Matthew Smith. Bo Sullivan did the vast majority of the identifications and all of 
the sorting, curation, and deposition of specimens. Dale Schweitzer, The Nature Conservancy, double-checked specimen 
identifications for accuracy, particularly for problematic species. Additional determinations were done by Frederick Rindge 
and Eric Quinter, both with the American Museum of Natural History; Douglas Ferguson with the U.S. National Insect 
Collection; and Timothy McCabe with the New York State Museum, Albany. 


Dale Schweitzer compiled the phenological and bioassay data used in the Bacillus thuringiensis var. kurstaki (Btk) risk assessment. 
Schweitzer also provided a great deal of information on host plants, habitat affinities, and geographic ranges, which for 
many species of macro-moths (larger and better-known species of moths) is still unpublished. Other data on the biology of 
macro-moths were provided by Frederick Rindge, Eric Quinter, Douglas Ferguson, and Timithy McCabe. Rodney Crawford, 
with the Burke Museum (University of Washington), provided us with copies of unpublished reports of an Asian gypsy moth 
non-target study conducted in Washington State. Frank Farmer, with the Brunswick Nuclear Power Plant, provided weather 
data collected at that facility, which lies close to the center of the Asian Gypsy Moth Eradication Project Area. 


Stephen Hall was responsible for data management and analysis and report preparation. Data entry was done by Anne 
Maker, Gina Rutherford, and Beverly Coats. Mary Russo provided quality control. Technical review was provided by Linda 
Pearsall (Head, North Carolina Natural Heritage Program) and Richard Reardon. The final version of the report was 
edited by Roberta Burzynski, and designed and formatted by Tinathan Coger, and printing was coordinated by Patricia 
Dougherty, all with the USDA Forest Service. 





Natural Communities of Conservation Concern within the ProjeCeATCamewetiveter tierce ts: l 


Risk to Rare Species and Fragmented Populations of INOnotargeulc DIdOD char eran rer etre renters Ms 
ee rN ZAUOTOL LMIpacts seine meayins et e ee ee ee ne een een cy. pa 
BU OSr roca -Larecl old \ameemtane: cement eth. cccce Mercure ee eat 3 
ER Nig aT EN CS TAL LON S oioonesreseccrestceccoattessuosee cera: cserices taeccsccsreetince ecient ee eT ees eerie 3 
Playa @ceanslerminal ac sunny, POintmet.ter.enct ce oetin ane Neen ene le 5) 
RUM CACHES LALCHD AT Kieran seinen ction dM ean eerie ree eee ERT eee oe tn 5 
VEER VISiea TIS) ETO al oe RG IE URAC 7 aa i AH os? ture It 6 
bees pbc sakesuw culand.C OMplex sect iiat snes nl Scene nn haem erie canter ceisti 6 
MEME LOT LL SPAIN VEAL L GR LA US Mocccecccttuctstreertoccctotertstasecsnestterteveiscreccerscecteisisoctivtrecitacacvecttrtecescssncecessctertes J] 
OM CUAL CetICLT YING SPSCIIMENS 2c, -cerevecrsiscscssecctectecet: ester eee renee eae PCR, Boge Mer Lys, 7 
Mar ogdnoennaly Zing tie. Data arctic orc tit acre tC MMEMrce accoueige mosttrorteicrissree ors teaterec creates 8 
Gatesorzins Habitat Aftinity and Conservation SigniticaniCe .....:<...21ce<-cs-ccccctessenene see ceasessneasesacecvs 8 
Pee OOrZ Ine FOLD IAL KISKMT OI) DL Aetttee Oren en ates Pteate tree meee teen ene ere saree. atau me racreas 8 
PNtiralure ier line Ol ResidualcACUVItyeteicate totic ste te. ceretee: Wemeeene nae ee erent aera esaee 8 
Pesuimaune Overlap of Active Residuesand. Larval ota@esmert:.s-.ve scien cives ei seenenesen reas. eee 9 
EStiinalnOeuie staves He xXpOSed 10 ACLVEINesICUCS arcs mets tccti yrs tint ces une tets vane ie emi 9 

Effects of Larval Feeding Type, Species Susceptibility and Age of Larvae .................cee 10 
Bestimating COVerall Risk cece ct oseeccnscester es Merete) ete oee (annus dnses ttn etutiUvea ds 6c Outer ere tucoccniatevsrere+? 1] 
Comparing Abundance Between Bik and Gypchek Treatments <........... cise ccceeasantecssrascnassceeseereatiee 1] 
Re Dis WADE Merete rirtencerececiccccecteccctscecceacscaccsteccstengsecssevuserecssectcescstbescecevene onctscesvenseseactessatetsencecs faacerscecesseesaes 12 
Assessment of Habitat Association and Conservation COmcetn 2.1.0.2... .cscscccesenscnsenassesseosessastncoseosueness V2 
Longleaf Pine and Wiregrass Habitats .............cccsscsseeresesseesereessseetesssessnseseeseesessssessonesessenanesees 1S) 

SAV ATLAS TE cereale otis cieiae ccc cea dente cianisduaueebolerteert Pricom er oevoae ot aCe tredunotee. crauecaesyttiadics Shagdentaxenies 13 
PALO SM as oes rece nes Nenu caa ibe la vasvdente sie Setazelesa ce tdaretuee dt sxaveptteciy eth le ae tye Penen cagcatidee Nei@eadees eve sus 14 
Shrubby Peatlands ...........:ccsssssssseseesesesseseeeceessecsensenssnsacersssssessesesseneseeneseaneseesesecueseseeneseesenereensneentny 15 
PRTC AW Tite CECAT FOTOS were ceivce tet tac cites teescnn cee te tht viore sie sceae ca ists ecaavesisnsvsearsizestseaebaseceehanstestc oes 15 
CC Stee once vats Sedoesos co veevctecnce ent csed ot /tecstites Matus den oautaee deen ei uecssmiutesheagtoaaeVeesaiastercaar: 15 
Swamp Forests and Levee Forest ........1:sssssssesssseeeeseeseessesneeeenseeneeneeneeneenennennensesencessenenseesesceseie 16 

TY CMT sons, osu ceeccos ss oacdecPasaoustsuaseonsvesste lent soeadectacethestausnane.cndeynEbentcassestscp ssowevagnisnele cate 16 
Maritime Evergreen Forests and Scrub .........:ssessscsecseeeesnesses testes eeeseneeseenseeenencensecencenensececeseesees ieee 
MiESiC Ard WOOd FOFeSts <c-scce.csece-sassessesvossbosssssessnsestesvecusecsscusscetdatenzatatsnesaetyerstessecssesenosarsernsssebssous 1) 
Other Species of Conservation Concern ......ssccsssecsecceeceessecsneesescsnsscsnsscenssessescsnscasescessensaes 18 
Assessment of Potential Risk from Bth.........scccccccseenecessceceseenenesssssssessssssssesesesesseneeseesenessenenesseneneets 18 
Risk to All Macro-Moths ........cscscssecsessessssonescsssssseeseneetceseesessscscetssstsssesansscscavereseseseneseesseueseseenseees 18 
Risk to Habitat Specialists and Rare Species ..........ss:csssecseeeeseeeeeeneeeeceneenteeneeeneeesceneenecenetnetens 19 


Comparison of Abundance Between TrEAtITCLILSS tte eee ee ate ce Cres a ceeee itty ae ecechstPracatcns is 20 


Pretreatment CompariSOnstevscetcceret eater tees rate terestater ttre tsaccrens) Cvacess tern e certs ce crete ceocear eecd 20 


General Posttreatment: rendstre esr etter tet rene let ses eee ccnratanerae yee these eaercedentse oc: on) 
Posttreatment Comparisons -ceesnrcser sce erratic e sere eons cannes cesarean ener Pup) 
Betweenay ear Changes invA bundance caster ieee ee ee acer saeco tee reer eces es 22 
DISCUSSION ®t cttscceccccecsecescnstereaseccsersstsscccecesstestitercatstacesssrentreccessecercsstaseteeeracescessescesteccsureessrescovessssaesssses 23 
PLeViOUsUNON-Carg CL StUGles crater sr ete eee cr ee seen ner en ceecen eer auaeeen tae atace Tear 23 
he: PresentiStud yarcerecsesrsccc strc tater cca cere ee ee er ters ree tet Nees See teh es oats senna ce CUNO er cone seee eas ces 24 
Benetitsonbrotecting NaturaltA reaSmere tert etc tence ste: cts crete eeeeneetae Meee tccace: Cesnteen teeter ececces: 2S) 
REG@OMMENDASTTIONS trccscesctzccscores sccesseetesst tassel iecatscesetsaresccesescscrecceecetersssenscecccassecseatsecectacressiaescereser sass 25 
CON G@IDUSIONS Mircscerscectesctcccsacctccecsecrarccescesssectercrecceneterarteroreectreccvestccsesaceseserceusesacceuceseacestetecenvevtars“acscsves? 26 
BIG URES itccsrerestertrnctcctsctar tecsestcsescerccssrstactncrecstesrstrconscaecetgencconscnsetccssececeusccs sess sascestsccetcocesranecotmmmmentatcotcess 27 
leNon-target Survey study Arear..: eects steerer ete scr eer cetera set onc eree: Setemeeresynercrncr? 21 
Zee Principals rapping stations, Lowel Cape heal REGION reser eee. meee are erase: emer regener ee 28 
3. Principal Trapping Stations, Holly Shelter Game Land, Pender County ........... cece eeeeseeeeeneeeeees wD) 
4. Principal Trapping Stations, Green Swamp, Brunswick County ............c:cesseeessseesesnceeeesneceeeneeees 30 
Se Weekly Changes Macro-Moth Abundance, MOUSU er ee een eee eet eater: 31 
6. Weekly Changes in Macro-Moth Abundance, Carolina Beach State Park .........0...eeeeeeeeeeeeeeeeees 32 
7. Weekly Changes in Macro-Moth Abundance, Bald Head Island ...0......ee eee eesseceeeeeeeeeesneeeeenes 33 
8. Comparison of MOTSU Abundance Data with 1991 Samples from TNC Savanna Survey.......... 34 
9. Weekly Changes in Macro-Moth Abundance, MOTSU and Boiling 
Spring DakesaWetlands, O04 eer teste cece ee eat enn eater etet tue, eet stee ey ee ene 35 
10. Mean Monthly Precipitation, Brunswick County, 1991 and 1994 ooo... ceccescecsseceesseeessseeesseeees 36 
11. Monthly Mean Temperatures, Brunswick County, 1991 and 1994 oo... ececcceessecessseceeeseeeeeens 37 
12. Daily Minimum Temperatures, April-June, Brunswick County, 1991 and 1994 uu... 38 
13. Pooled Abundance Data for Trapping Stations, 1994 and 1995 
(C{B:S-P2-- Carolina. beach: state Park) ic vcnesccuee aeeteemee cer este cet ca ee ae eetnee 39 
APPENDIX A: Description of Trapping Stations; Trapping Summary ..................ccccccccssscccseseeceseceeeeeeee 40 
APPENDIX B: Species Checklist and Btk Risk Assessment SummaFry .............cc:ccssccssesssessscesscesecenseenees 42 
APPENDIX C: Species Associated With Distinctive Habitats and Rare Species in the 
Eradication Project "Area gee cerns ee eee ee ence eres ee 85 
APPENDIX. D> New;state;Records) cor cea terete cree sansa te atc aee ese ee nn e 91 


REEERENGES (itcc-cocscscceentessecstcccas-saceeracesccocsscsctesessareecoeetesscecetcssaccoses catecessstesesseestnceteotncattinieet et reer tet erte 92 





Ecological impacts of the use of the bacterial insecticide Bacillus thuringiensis var. kurstaki (Btk) to 
control the gypsy moth (Lymantna dispar (L.)) and other forest pests have been documented for 
broadleaf forest habitats in the northeastern United States (Sample et al. 1996, Wagner et al. 
1996) and mixed forest habitats in the Pacific Northwest (Miller 1990a,b; Crawford et al. 1992, 
1993; Crawford and Austin 1994). This study provides information on the impacts of Bék and 
efforts to mitigate these impacts within several habitats characteristic of the southeastern United 
States, where vegetation structure and composition, the importance of disturbance regimes, and 
degree of habitat degradation and fragmentation are substantially different from areas previously 
studied. 


ASIAN GYPSY MOTH ERADICATION PROJECT 


In 1994, more than 140,000 acres in the lower Cape Fear region of North Carolina (Figure 1) 
were treated with aerial applications of Btk and Gypchek to eradicate an introduction of an 
Asian-strain of the gypsy moth. Genetically, the gypsy moths discovered in this area actually 
represented a hybrid of European and Asian strains but had behavioral characteristics, 
particularly female flight capabilities, that phenotypically represent the Asian strain. 


This Asian Gypsy Moth (AGM) Eradication Project area was located roughly 200 miles south of 
the front of established gypsy moth populations. Previous efforts within this general area to 
eradicate spot infestations of the naturalized European strain of the gypsy moth involved ground 
application of insecticides over areas of only a few acres. The decision to treat a much larger 
area in this case was based on the greater threat posed by the more dispersive and more 
polyphagous Asian strain and the possibility that gravid females had already spread up to 30 
miles beyond the point of introduction. In 1992, an eradication effort similar in extent and 
intensity proved successful in preventing a similar strain from establishing in the Pacific 


Northwest (USDA 1992). 


In 1994, approximately 138,000 acres of the project area were treated with two applications of 
Btk, and a third application was applied to 6,516 of these acres. Fixed-wing and rotary-wing 
aircraft flying 50-75 ft. over the canopy were used to apply 24 BIU of Foray 48B (Entotech Inc., 
now Abbott Laboratories, N. Chicago, IL) per application. All swaths were determined using 
differentially corrected global positioning system based navigation equipment. An additional 
5,900 acres were treated with two applications of Gypchek and 58,000 acres were subjected to 


pheromone trapping. 


NATURAL COMMUNITIES OF CONSERVATION CONCERN WITHIN THE PROJECT AREA 


Broadleaf deciduous forests of the type primarily occupied by the gypsy moth in the Northeast 
are nearly absent within the eradication project area. Instead, the types of natural communities 
dominated by woody vegetation -- all targeted for treatment -- include primarily fire-maintained 
savannas, flatwoods, and sandhills dominated by longleaf pine (Pinus palustrs Miller) and northern 
wiregrass (Aristida stricta Michaux); blackwater swamps composed primarily of bald cypress 
(Taxodium distichum (L.) Richard) and tupelos (Nyssa aquatica L. and N. biflora Walter); and maritime 
forests and peatland communities dominated by evergreen species of hardwoods and shrubs. 


1 


These natural communities are listed among the 21 most endangered ecosystems in North 
America (Noss and Peters 1995), a key factor for this study. Longleaf pine communities have 
declined by as much as 98 percent on the southeastern Coastal Plain (Noss and Peters 1995), and 
only about 90,000 acres of these habitats remain in relatively good condition within North 
Carolina (Schafale 1994). Cypress-Gum Swamps, Pond Pine Woodlands, Bay Forests, and other 
southern-forested wetlands have also been widely decimated; less than 20 percent may remain 
rangewide. In North Carolina, as much as 49 percent of all wetlands have been lost, and close to 
70 percent of pocosins: — evergreen shrub bogs that are virtually endemic to the Carolinas -- have 
been drained and converted to pine plantations, agricultural fields, or other uses (Noss and Peters 
1995). Maritime forests, grasslands, and shrub communities, along with coastal ecosystems in 
general, are under ever-increasing attack due to coastal development. Losses sustained in many 
areas of the country again range from 80 percent to over 90 percent of the original acreage (Noss 
and Peters 1995). In 1988, maritime forests comprised less than 7,000 acres in North Carolina 
(Lopanzanski et al. 1988); today far fewer acres remain, most in badly fragmented condition. 


RISK TO RARE SPECIES AND FRAGMENTED POPULATIONS OF NON-TARGET LEPIDOPTERA 


Recovery of non-target Lepidoptera (moths and butterflies) from the effects of bth depends on 
immigration from nearby, unsprayed refugia in addition to within-site reproduction by survivors 
(Miller 1990a,b). In a region such as the Cape Fear Region of North Carolina, where so many of 
the native habitats have become highly reduced and fragmented, recovery due to immigration 
may be particularly slow. In some cases, local extirpation might even be permanent, given that 
refugia are now typically miles or even tens of miles apart. 


In commenting on the environmental assessment for the eradication project (USDA 1994), the 
North Carolina Natural Heritage Program identified 58 species of uncommon to rare 
Lepidoptera recorded from the vicinity of the project area, 25 of which would be potentially 
vulnerable to Btk. Among this group were two species believed to be endemic to the flatwoods 
and savannas of southeastern North Carolina: the Venus flytrap cutworm (Hemipachnobia 
subporphyrea (Walker)) and an undescribed species of cutworm (Agrotis n. sp. 1 nr. buchholzi). Also 
included were species such as the eastern arogos skipper (Aérytone a. arogos (Boisduval. and 
Leconte)) and Berry’s skipper (Euphyes berry (Bell)) that have more extensive geographic ranges 
but are known from only one or two populations within southeastern North Carolina. Since the 
project area contains some of the largest and best remaining tracts of Coastal Plain habitat in the 
Southeast (see Study Sites), there was significant concern that the project could result in 
population losses with major conservation consequences. 


AVOIDANCE AND MINIMIZATION OF IMPACTS 


To reduce potential impacts to these species, as well as more general impacts to the distinctive 
ecosystems to which they belong, the North Carolina Asian Gypsy Moth Management Team 
(see Acknowledgments for a complete list of participants) decided to treat certain areas with 
Gypchek, the gypsy moth nucleopolyhedrosis virus product, which is specific in its effects on 
gypsy moth (Reardon and Podgwaite 1996). Areas treated with Gypchek included 18 natural 
areas identified by the Natural Heritage Program as having State or national significance. 


Additionally, four sites within the town of Boiling Spring Lakes were treated with Gypchek at the 
request of the U.S. Fish and Wildlife Service, to protect several populations of the federally 
Endangered red-cockaded woodpecker (Picoides borealis (Vieillot)). Altogether, a total of 5,900 
acres were treated in 1994 with two applications of Gypchek. 


PURPOSE OF THE NON-TARGET STUDY 


A study to monitor the impacts of the eradication project on non-target species was originally 
proposed by the Natural Heritage Program and was adopted as part of the project’s mitigation 
efforts by the Asian Gypsy Moth Management Team. This report presents the results of this 
monitoring study, which was conducted from April 1994--shortly before the treatment project 
began--to June 1995, a year after the last large block of natural habitat was treated. 


‘There were four main objectives in this study: 


1. Develop a checklist of the macro-moths, a group of lepidopteran families (14 in eastern 
North America) that contain most of the larger and better known species of moths, found 
within the general region of the eradication project. 


2. Identify species of macro-moths that have particular affinities for the distinctive habitats 
of the project area and species that are of special conservation concern. 


3. Assess the overall risk to the macro-moth fauna from the applications of Bék, and the risk 
to habitat specialists and species of conservation concern in particular. 


4. Compare the post-treatment abundance of macro-moths in Bék and Gypchek treatment 
blocks within representative habitat types in the project area. 


This study contributes to the understanding of impacts of Bék on native Lepidoptera. It also 
provides a checklist of 668 species of macro-moths in the North Carolina Coastal Plain 
(Appendix B), which increases previous survey results by 276 species. ‘This paper also rates each 
species according to its potential risk from Bék and gives the habitat range and host plants for 97 
of the species, including 16 of conservation concern by the North Carolina Natural Heritage 
Program. Information in this report can be used to minimize the impacts of future eradication 
projects or to set up a large-scale monitoring program. It also will be invaluable in guiding land 
management decisions and setting habitat protection priorities in one of the most critical 
conservation areas in the southeastern United States. 


TRAPPING STATIONS 


The study area for the non-target Lepidoptera survey comprises Brunswick, New Hanover, and 
Pender Counties in the Cape Fear Region of North Carolina (Figure 1). ‘This area includes the 
entire North Carolina portion of the eradication project area but excludes the adjoining 


extension into South Carolina. 


This region is ecologically distinctive. As part of the Outer Coastal Plain Mixed Forest Province 
(McNab and Avers 1994), this area possesses a characteristic set of habitats that extends from 
southeastern Virginia to the Gulf Coast of Texas. The inland portions of this region once 


supported vast tracts of longleaf pine savannas and flatwoods in the uplands and broad cypress- 
gum swamps in the lowlands. In the tidewater zone, maritime forests, shrublands, and grasslands 
covered the barrier islands typical of this region, as well as a narrow strip along the mainland 
coast. 


This particular section of the Outer Coastal Plain has been more narrowly defined as the Outer 
Coastal Plain Flatwoods and Peatlands Subregion (Weakley et al. 1998). ‘This subregion lies 
between the Tar River in North Carolina and the Santee River in South Carolina, and its 
western boundary follows the approximate line of separation between the coarse, sandy soils of 
the Outer Coastal Plain and the more loamy soils of the Inner Coastal Plain. Northern wiregrass 
is the dominant upland grass in this region -- the range limits of this plant determine the north 
and south limits of this subregion. As implied by the name of the subregion, pocosins, pond-pine 
woodlands, bay forests, and other types of peatland communities are prominent features. 
Overall, this region has a high degree of endemism within its plant species (Sorrie and Weakley 
1998). One of its hallmark species is the Venus flytrap (Dionaea muscipula Ellis), which occurs only 
within a 90-mile radius of Wilmington, North Carolina. 


Forty types of natural communities have been recorded within the eradication project area which 
in fact, contains one of the highest concentrations of significant natural areas and populations of 
rare plants and animals found in the Southern Atlantic Coastal Plain (Virginia to Florida). ‘The 
Military Ocean Terminal at Sunny Point (MOTSU)--the ammunition depot where the Asian- 
strain gypsy moths were first detected in July 1993 -- itself contains one of the largest blocks of 
natural habitat remaining within this region. Over 9,000 acres are included within the 
Brunswick County portion of this military base, the majority of which are maintained, in natural 
condition, and 2,480 of these acres are in a Registered Natural Heritage Area--a site recognized 
by the state as having special significance for their natural features and maintained as a natural 
area under voluntary management agreements between the owner and the state. Other 
publically owned, protected natural areas within the eradication project area include Carolina 
Beach State Park, Fort Fisher State Recreation Area, Bald Head Island State Natural Area, Bald 
Head Island Coastal Reserve, and Zeke’s Island Coastal Reserve. Several additional large tracts 
of natural habitat occur elsewhere within the treatment area but are not yet under any form of 
protection (Figure 1). 


Wherever possible, trapping stations were placed in the center of large blocks of natural habitat, 
well away from paved roads and development. Appendix A lists the trapping stations, identified 
by locality names, and describes the habitat found in their vicinity. Figures 1-4 illustrate the 
location of the more important of these stations relative to the treatment areas. 


Habitat descriptions generally follow the Classification of the Natural Communities of North 
Carolina, Third Approximation by Schafale and Weakley (1990), although in some cases we 
grouped communities into larger categories of more relevance for insect habitat. For instance, 
Longleaf Flatwood/Savanna incorporates Schafale and Weakley’s Wet Pine Flatwoods and Pine 
Savanna natural communities; Sandhill includes Pine/Scrub Oak Sandhill, Xeric Sandhill 
Scrub, and Coastal Fringe Sandhill; and Maritime Forest includes Maritime Evergreen Forest 
and Coastal Fringe Evergreen Forest. 


The habitats used for the comparison of post-treatment macro-moth abundances are described in 
more detail below. Three pairs of trapping stations represent matched Btk-Gypchek treatment 
blocks within three habitat types: Longleaf Flatwood/Savanna, Sandhill, and Maritime Forest. 
Another block in an unsprayed area served as an additional control for the Longleaf 
Flatwood/Savanna habitat type. 


MILITARY OCEAN TERMINAL AT SUNNY POINT 


The dominant vegetation at the Military Ocean Terminal at Sunny Point (MOTSU) is a mosaic 
of longleaf pine flatwoods, savannas, and pocosins. Some of the best examples in the state occur 
at this site, due to the frequency with which prescribed burning is conducted: a 5-year burn 
rotation is used over most of the facility. 


The area treated with Bék includes most of the eastern section of the base, centered around the 
point of the Asian-strain gypsy moth introduction at the south wharf on the Cape Fear River. 
The trapping station within this treatment block was located in the eastern portion of the 
Registered Natural Heritage Area, approximately 3.5 miles NW of the south wharf. This block 
was treated with three applications of Bk, one each on April 11, 20, and 26, 1994. 


The habitat within this block includes a large expanse of flatwoods. Longleaf pine is the 
dominant tree but is widely scattered and does not form a closed canopy. Wiregrass and shrubs, 
primarily heaths, are the dominant ground covers. Sand myrtle (Levophyllum buxifolium (Bergius) 
Ellis) is common at this site, but is rare in North Carolina outside eastern Brunswick County. 
Forbs are fairly sparse within the flatwoods proper, but low swales scattered throughout this site 
contain a richer vegetation more characteristic of savanna habitats. Venus flytrap, one of the 
more conspicuous indicator species of this habitat type, is common near the trapping station. 


The block treated with Gypchek includes the western end of the Registered Natural Heritage 
Area; the trapping station in this block was located approximately 3 miles WNW of the south 
wharf. This block was treated with two applications of Gypchek, on April 10 and 14, 1994. The 
habitat in this area is somewhat drier than the Bék block, but is dominated by the same type of 
flatwoods, with sand myrtle again an important element. Low swales supporting savanna 
vegetation are also present in the vicinity but are not as prevalent as at the Bik block (a few 
individual Venus flytraps were noted near this trapping station). 


CAROLINA BEACH STATE PARK 


Carolina Beach State Park is located south of Wilmington on a narrow peninsula between the 
lower Cape Fear River estuary and the Atlantic Ocean. The park is located opposite the 
northern end of MOTSU, several miles upstream from the south wharf. 


The habitat within the park is much more xeric than the two trapping stations at MOTSU. The 
primary habitat type is Coastal Fringe Sandhills, dominated by widely spaced longleaf pines, 
turkey oaks (Quercus laevis Walter), and low thickets of scrub live oak (Quercus geminata Small), 
heaths, hollies, and other shrubs. Wiregrass and other herbaceous species are far sparser than in 
the seer habitats found at MOTSU. Large areas of ground are covered by bare, white 


sand. 


Btk was applied to only a small, outlying section of the park, located across a road from the main 
portion of the park and adjoining residential areas to the south and east. This block was sprayed 
with Btk on April 14 and 21, 1994. The dominant vegetation within this block is typical of the 
Coastal Fringe Sandhills habitat, as described above. A large limesink that is flooded during the 
winter occurs nearby. The vegetation around its rim is much more herbaceous than that found 
over the majority of this block. 


The main part of the park was treated with Gypchek on April 9 and 12, 1994. The trapping 
station within this treatment block was located in Coastal Fringe Sandhills habitat similar to that 
of the Btk-treated block. A cluster of limesinks was again located nearby. In contrast to the Bik 
block, however, much more extensive tracts of this habitat adjoin this tract to the south 
(protected as part of the MOTSU Bufferlands, a nearly continuous strip of land running along 
the east shore of the Cape Fear River from the state park south to Fort Fisher, about 6 miles 
away). As shown in Figure 2, several large tracts within the MOTSU Bufferlands were also 
treated only with Gypchek. 


BALD HEAD ISLAND 


Bald Head Island, located at the mouth of the Cape Fear estuary, once contained one of the best 
examples of Maritime Evergreen Forest in the state. The northernmost population of cabbage 
palmetto (Sabal palmetto Loddiges) occurs at this site in addition to extensive stands of live oak 
(Quercus virgmana Miller) and other maritime species. Most of the island, however, is now being 
developed, although a core of the maritime forest community is protected as the Bald Head 
Island Coastal Reserve, which is state-owned land administered by the Division of Coastal 
Management. 


The area treated with Bék is located within the developed western portion of the island. Btk was 
applied on April 14 and 21, 1994. The trapping station within this treatment block was located 
at the undeveloped end of a cul-de-sac within an intact remnant of the maritime forest. A trash 
dump was later discovered nearby, which may have been partly responsible for the heavy beetle 
catches that were sporadically obtained at this trap. Data collected on some dates had to be 
discarded, since many of the moth specimens were mangled beyond recognition by the beetles. 


The Gypchek block was located within the center of the Estuarine Reserve. This block contains 
the most mature and extensive block of the maritime forest habitat remaining on the island. The 
Reserve itself comprises approximately 200 acres of this habitat. This block was treated with 
Gypchek on April 8 and 11, 1994. 


BOILING SPRING LAKES WETLAND COMPLEX 


Located less than 2 miles west of MOTSU at its closest point is a largely undeveloped area, 
identified by the Natural Heritage Program as the Boiling Spring Lakes Wetland Complex, that 
contains several of the same types of natural communities found on the military base. Although 
this area is privately owned, a large core section, along with significant outliers, exists in a 
relatively natural condition. Compared with MOTSU, however, these habitats have undergone 
successional changes due to prolonged fire suppression. 


In 1994, the eastern portion of the Boiling Spring Lakes Wetland Complex was treated with Btk 
while the western portion was left unsprayed but subjected to intensive pheromone trapping. 
The trapping station established within the unsprayed block -— located approximately 5 miles 
west of the Gypchek trapping station at MOTSU--serves as a control for the treatment effects of 
both Gypchek and Bik at MOTSU, although the lack of frequent fire has allowed this block to 
become substantially shrubbier than either of the two treatment blocks at MOTSU. The 
dominant community in this block is again flatwoods, with sand myrtle as one of the most 
distinctive components of the shrub layer. 


METHODS AND MATERIALS | 


We originally intended to include butterflies and skippers in this survey. Due to the amount of 
time required to handle the large volume of moth specimens, however, we decided to focus our 
efforts entirely on the macro-moths, a group of families (14 in eastern North America) that 
contain most of the larger and better-known species of moths (Covell 1984). The availability of 
an efficient collecting method for this group — UV light traps — also determined this selection; no 
comparable trapping method exists for butterflies, which are collected primarily through direct 
search. 


COLLECTING AND IDENTIFYING SPECIMENS 


Collections were obtained at weekly intervals through use of custom-built 15 W UV light traps. 
One light trap was located at each trapping station. ‘Traps were left on all night to collect as 
many specimens as possible. While this volume of specimens is larger than may be needed for 
monitoring changes in abundance, it was essential to meet one of our primary objectives: to 
obtain a comprehensive list of species, including representatives of uncommon or rare species 
that might be missed by collecting during only a portion of the night (as was done, for example, 
by Crawford et al. 1992, 1993; Crawford and Austin 1994; and Sample et al. 1996). 


All specimens were identified to species or, in a few cases, to species groups (e.g., Crambidia palhda 
complex, Elaphria festwoides complex). Voucher specimens were deposited primarily at the North 
Carolina State University Insect Collection or the private collection of J.B. Sullivan. Selected 
specimens have also been donated to the American Museum of Natural History, Smithsonian 


Institution, and Florida Collection of Arthropods. 


Light trapping began in March 1994, a few weeks before the first applications of Btk near the 
South Carolina border on April 8. Moths were collected at weekly intervals from March through 
November in 1994 and 1995, and from March through June in 1996. Moths were also collected 
during the winter but only at a few stations and on a much more sporadic basis. Winter 
collecting was supplemented by use of baiting, involving direct collection of moths visiting 
patches of a fermented mixture of beer, molasses, and bananas painted on tree trunks. ‘This 
technique was not used during the growing season due to the time constraints involved in the 
high trapping intensity and the large distances that separated the trapping stations. The checklist 
presented in Appendix B is based on /41 collections obtained from the light traps and 18 


additional collections obtained through baiting. 


During 1994 and 1995, both trapping stations in the matched pairs used in the analysis of 
posttreatment abundance were visited on the same night (in one instance on consecutive nights). 
The untreated block at Boiling Spring Lakes was also visited on the same nights as those at 
MOTSU, with which they were compared. Over this period, only 13 collections within this 
group of stations were missed or excluded due to battery failure, poor weather conditions, or 
heavy beetle damage. 


COMPILING AND ANALYZING THE DATA 


Trap data — station, date, species, and number of specimens -- were recorded in a collection 
records database. Two databases linked to the collection records file were used to store 
biological information on each species. 


Categorizing Habitat Affinity and Conservation Significance 


The first database was developed by the Natural Heritage Program to compile information 
on geographical range, larval host plants, and habitat associations for all species of macro- 
moths known to occur in the North Carolina Coastal Plain. Also included in this database 
are estimates of the rarity of the species, both rangewide and within North Carolina. These 
ranks are based on the number of known occurrences for a given taxon (or in some cases, on 
estimates of the likely number of occurrences), as well as on the quality of the occurrences, for 
example, population size and reproductive success rates. ‘These ranks follow standard 
protocols developed by the Nature Conservancy and the Natural Heritage Program network. 
A description of these ranks is given in Appendix C. 


Categorizing Potential Risk from Bik 


The second database, developed specifically for this project, estimates the potential risk to 
each species from Bik. ‘These estimates depend on information on both the length of lethal 
activity of Bék, and the life stages that would be present during that period. 


Estimating the Time of Residual Actwity 


The active agents in commercial preparations of Bik include spores and diamond-shaped 
protein inclusions called crystals. Each crystal of Bik is a bipyramidal protein matrix of 
large molecules of inactive proteins. These are not toxic to insects until solubilized in the 
gut by the insect’s digestive fluids and released as smaller proteins (delta — endotoxins), 
which are the true toxins. In most lepidopterous pests, the toxic subunits are the major 
cause of mortality, whereas the spore effect is minimal. Both spores and endotoxins are 
degraded in the environment. Exposures to ultraviolet light, temperature, humidity and 
leaf chemistry are all important factors governing viability. 


Residual activity is usually estimated to persist for about a week, sometimes less, after single 
applications. However, some reports indicate activity persists for as long as 30 to 90 days 
after application (see reviews in USDA 1995, Johnson et al. 1995). The length of residual 
activity varies greatly depending on many factors, for example, species sensitivity (Johnson 


et al. 1995), environmental factors as mentioned above, or on the particular formulation of 
Btk (USDA 1995). In our analysis, we assumed that the active residue period for Bik is no 
more than 10 days after the last application. More data are needed in this regard, especially 
where multiple applications of Bik are used. 


Estimating Overlap of Actiwe Residues and Larval Stages 


The date of first Bik application was April 11 or 14, and the date of last application was April 
21 or 26. ‘Therefore, for the purposes of risk assessment, we assumed larvae that hatched 
after May 6 were not likely to be exposed, and that all larvae that feed between April 11 and 
May 6 were at risk of exposure. If the active residue period is in fact longer than 10 days, 
analyses based on our risk assessment could be off by a significant amount, that is, most 
species we scored as at risk of part exposure would be at risk of full exposure and many whose 
risk of exposure we scored as none would have at least part exposure. 


Estimating Lyfe Stages Exposed to Active Residues 


Estimates of the life stages present coincident with active Btk residues were based on 
knowledge of the overwintering stage of the species and observations of the spring flight 
periods of the adults. Larval instars were extrapolated between these two stages. For 
example, species in the genus Acronicta (family Noctuidae) and in the families Sphingidae and 
Notodontidae are known to overwinter as pupae (except for some Notodontids that 
overwinter as prepupae). The egg stage of these groups ranges from 5 to 10 days depending 
on species and temperature. ‘Thus if the adults begin to fly in early May, larvae will appear 
by mid May. Similarly all Psaphidinae and Xylenini (family Noctuidae), as well as many 
others, are obligate feeders on new spring growth and hatch soon after bud break around the 
end of March. Most of these species have to finish feeding before the leaves are fully mature. 


Overwintering stages were determined from a variety of sources, including the rearing 
experience of the authors (mostly D.F. Schweitzer) and the literature (e.g., Forbes 1948, 
1954, 1960; Crumb 1956; McGuffin 1967-1981). For species with unknown overwintering 
stages, the stage was inferred from closely related species, particularly congeners, since winter 
diapause stages are generally the same throughout a genus, or even family in some cases. We 
used question marks in Appendix B to indicate uncertainties. 


Adult flight periods were largely determined from the data produced in this study. For 
certain species that were collected in small numbers -- particularly winter-flying moths -- we 
supplemented the study data with information from other sources, particularly Natural 
Heritage Program inventories conducted in southeastern North Carolina, and the personal 
collections and field experience of D.F. Schweitzer and J.B. Sullivan. 


Two aspects of larval exposure were then estimated, with uncertainties again indicated by 
question marks in Appendix B. The first aspect was the proportion of a cohort present 
during the period of residue activity for Bik. We described risk of larval exposure for each 
species in one of three ways: (1) full exposure, if the larval feeding period fell completely 
within the active residue period; (2) part exposure, if the larval feeding period only 
overlapped the active residue period; or (3) none, if the larval period fell completely outside 
the active residue period. 
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For example, if a species overwinters as a pupa with eclosion on or after 6 May, we assumed 
it was not exposed to the effects of Btk. Conversely, if a species overwinters in the egg stage 
and feeds on new spring foliage of oak, we assumed it was fully exposed. Not all species fall 
neatly into these categories, of course, particularly species that have staggered egg hatching. 
In such cases we made a best approximation. If 10 percent or less of larvae were probably 
at risk of exposure we entered "none" in the exposure column (Appendix B). If 90 percent 
or more of larvae were likely at risk we entered "full," and if 11 percent to 89 percent were 
thought to be at risk we entered "part." In most cases, species scored as full exposure would 
have 100 percent exposure to at least one application. This full exposure category also 
includes a few species that overwinter as larvae and that would have been pupating at about 
the first application time (e.g., Hemipachnobia subporphyrea). Some individuals of these species 
would have been exposed as last instars, just before pupation. For individuals already in 
pupation at the time of first treatment, their progeny would have been affected, given the 
month-long period of insecticide activity produced by three successive applications of Bik. 


The second aspect of larval exposure estimated was the range of instars that probably would 
be present during the period of residue activity. In Appendix B, we entered "early" where 
all larvae during the exposure period would be first or second instars; "late" for larvae in the 
last two instars; and "mid" for larvae in intermediate instars. For many species we estimated 
that a wider range of instars would be present. For example, we estimated that both early 
and mid instars would be present for Glena cnbritana, and mid to late instars would be present 
for Scopula purata. In a few cases where the early instars of one cohort were present along 
with late instars of the previous cohort, we entered "earlytlate". 


Effects of Larval Feeding Type, Species Susceptibihty and Age of Larvae 


Even where larvae are present throughout the period of Bék activity, threats to survival 
depend on additional aspects of the species’ biology. ‘Two of these factors are fairly 
straightforward: larval feeding type and demonstrated susceptibility to Btk. For larvae 
feeding as borers or otherwise feeding on the internal tissues of their host plants (e.g., pitcher 
plant moths in the genus Exyra), we considered their risk as essentially none, even if estimated 
larval exposure was full during the treatment period. We were also fairly confident in 
assigning no risk in the few cases where the results of bioassays for Bik were unequivocal (e.¢., 
the group of species determined to be insensitive, according to the criteria used by Peacock 
etralmLg 93): 


Conversely, we were confident in assessing a high degree of risk for externally feeding larvae 
determined to be highly sensitive based on bioassays. Examples include the species in the 
Noctuid subfamily Herminiinae that feed primarily on litter. Based on field observations 
(LaFontaine 1997) and lab assays being conducted at the University of Connecticut (Wagner 
and Hohn 1997), larvae in this group are sensitive to extremely sensitive in all instars. 


For the vast majority of externally feeding species, however, no bioassay data are available, 
or the results show an intermediate level of sensitivity. For this group, we estimated the 
potential threat from Btk based on the age of the larvae that would most likely have been 
present when Bék residues were active. 
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A study by Peacock et al. (1998) found that almost all species he tested in the laboratory are 
sensitive, usually with very high mortality, as first and second instars, although there is great 
variability in the sensitivity of later instars (mortality zero to 100 percent), even among 
different species within a single genus. Other studies have also documented that younger 
larvae are generally more susceptible than older ones (James et al. 1993, Wagner et al. 1996). 
Only a very few species show greater sensitivity as older instars (James et al. 1993), although 
a number of species appear to be sensitive throughout their larval development (e.g., 
swallowtail butterflies, Johnson et al. 1995) 


. 


Estimating Overall Risk 


Estimates of overall potential risk from Btk for each species combine all of the factors 
previously discussed. The following estimates are given in Appendix B: 


(1) No risk: no larval instars were present during the activity period for Bék, if the 
larvae feed on internal plant tissues, or if they are rated as "insensitive" in bioassays. 


(2) Possible risk: only mid to late instars were present during the activity period for Bi& 
and no other mitigating factors are known. 


(3) Moderate-to-high risk: early instars were present during the activity period for Bik 
but the cohort was only partly exposed; not known to be highly sensitive to Bik. 


(4) High risk: the cohort was fully exposed and either early instar larvae were present 
or the species is known to be highly sensitive to Bék. 


(5) Unknown risk: too high an uncertainty existed for us to make as estimate of 
potential risk. 


Question marks were added to the No risk and High risk categories to indicate moderate 
uncertainties within the separate factors. Similar uncertainties within the Moderate-to-high 
risk categories were considered subsumed in the use of a range of values. 


COMPARING ABUNDANCE BETWEEN BTK AND GYPCHEK TREATMENTS 


To identify the overall effects of Bk on macro-moths, we compared the number of individuals 
trapped in blocks treated with Bé with the number trapped in similar habitats treated with Gypchek, 
which we regarded essentially as control samples, albeit treated controls rather than untreated. As 
mentioned in the description of Trapping Stations, three different types of habitats were used in this 
comparison: Longleaf Flatwood/Savana, Sandhill, and Maritime Forest. An additional untreated 
control block was available in the Longleaf Flatwood/Savana category. 


Interpretation of the results of these comparisons is complicated by several limitations of our study. 
First, our decision to rely solely on collections of adult moths, which was done to maximize the 
number of species identified within the habitat units, introduces a large number of sampling errors 
not associated with the more direct collection of larvae (Butler and Kondo 1991). Sample et al. 
(1996), however, observed similar effects of Btk in light trap collections of adults as in direct 
collections of larvae, although the effects among the adults were not as pronounced as among the 


larvae. 


Second, given the highly varied habitats of the project area, it was difficult to find trapping stations 
that matched closely in terms of vegetation composition, maturity, and extensiveness. The decision 
to treat nearly all the high quality habitat blocks identified by the Natural Heritage Program with 
Gypchek further complicated the task of finding matching trapping stations within the Bék-treated 
blocks. In any case, too few collections were obtained before spraying commenced to verify the 
underlying similarities of the macro-moth faunas within the treatment blocks to be compared. Any 
differences observed between blocks could therefore be due as much to habitat differences as to 
treatment effects. 


Third, we decided to maximize the number of collection intervals and habitat types included in the 
survey at the expense of replications within treatment blocks; this decision decreased the overall 
power of our analysis, ruling out the use of such methods as analysis of variance. As it turns out, we 
probably would have required a large number of replicates in order to sort out all the habitat and 
weather factors that seemed to be at work in addition to the treatment effects. 


RESULTS 


ASSESSMENT OF HABITAT ASSOCIATION AND CONSERVATION CONCERN 


A total of 54,504 specimens of macro-moths were collected, 95 percent of which were identified to 
species. ‘The resulting checklist, presented in Appendix B, includes 668 species belonging to 330 
genera and 11 families. This total represents an increase of 276 species over the results obtained by 
Hall and Schweitzer (1993), who conducted the only previous survey of macro-moths within the 
eradication project area. 


Sixteen species, listed in Appendix D, appear to represent new records for the state. The most 
surprising of these is the globally rare rattlesnake-master borer (Papaipema eryngu Bird). Major range 
extensions (from farther than one state away) were also recorded for nine other species, which 
include a number of southern species not previously documented north of Florida. Together with 
data provided by Natural Heritage Program inventories of the macro-moths at Camp Lejeune 
Marine Corps Base and collections made by J.B. Sullivan in the Croatan National Forest and vicinity 
(both to the north of the AGM project area), the overall checklist of macro-moths for this region now 
stands at roughly 900 species. 


The majority of the species we collected range widely over the eastern United States and are 
associated with fairly generalized habitats, including hardwood forests, pinewoods, old fields, and 
other types of disturbed habitats. Individually, the species in these habitat groups are not of any 
great conservation concern, although wholesale reduction within this group is likely to have wide 
ecological repercussions. 


As stated in the Introduction, we were primarily interested in the species associated with the more 
distinctive habitats found within the Cape Fear Region. Appendix C lists 99 of these species, along 
with 7 additional species that are considered rare in North Carolina but for which habitat affinities 
are either less well understood or that are of relatively minor extent within the study area. 


YZ 


Longleaf Pine and Wiregrass Habitats 


Many of the most distinctive species of plants and animals found within this region are associated 
with longleaf pine-dominated habitats. Due to the catastrophic reduction of these habitats, as well 
as to the effects of fire suppression, many of these species are also now rare throughout their range. 
Longleaf-dominated habitats range from wet savannas to xeric sand-ridges, each with a distinctive 
fauna of macro-moths, which are discussed separately below. Additionally, a small group appears 
to be associated with these longleaf habitats more generally. Two of these species, Semiothisa 
distrbuana (Hubner) and Tolype minta Dyar probably feed on longleaf pine. Euagrotis lubricans (Guenee) 
and Gabara pulverosalis (Walker) may be specialists on wiregrass. 


Both of the species in this group considered significantly rare by the Natural Heritage Program, 
Euagrotis lubricans and Gabara pulverosalis, were recorded within the Gypchek and Bék blocks at 
MOTSU and Carolina Beach State Park during the post-treatment period in 1994. 


Savannas 


Twenty species collected in this survey appear to be associated with Pine Savanna habitats, the wet 
extreme of longleaf pine-dominated communities. In other regions of the eastern United States, 
several of the species in this group are associated with open bogs or other types of moist, native 
grasslands. The host plants of virtually all these species are believed to be herbaceous--a species of 
forb, grass, or sedge. Within the context of savannas, at least, most of these plants require frequent 
fire to maintain the open habitats they depend upon. 


Two of the species in this group are among the rarest moths known in North America. The first, and 
perhaps most distinctive of this entire region, is the Venus flytrap cutworm (Henupachnobia subporphyrea 
Walker). Like its host plant, this moth appears to be endemic to North Carolina. Apart from two 
specimens in the British Museum that were collected in the late 1770's (Hampson 1903), all other 
specimens have been collected only since the 1970's, from just eight sites in North Carolina. Eleven 
specimens were collected during this survey: a single specimen was collected from the Bik treatment 
block at MOTSU in 1994; two were collected from the Gypchek treatment block in 1995; and the 
remainder were collected at three different trapping stations in the Holly Shelter Game Lands in 


1995 and 1996. 


The second highly rare species is the rattlesnake-master borer (Papaipema eryngu Bird), a species 
previously known only from the prairies of the Midwest and once thought to be extinct. Only three 
or four other populations of this species are now known to exist, all west of the Appalachians. 
Although the host plant for this species, Eryngium yuccyfolum Michaux, has been recorded over most 
of the Coastal Plain and Piedmont of North Carolina, significant concentrations -- such as are 
probably required to maintain a population of the moth -- are known from relatively few sites. 
Populations of this plant in the Outer Coastal Plain, representing a distinct variety (E. yuccifolium var. 
synchaetum (Gray) C.& R.), appear to be strongly associated with the Very Wet Clay Variant of Pine 
Savannas, a rare natural community that is home to several of the state’s rarest plant species. ‘The 
single moth collected during this survey at an untreated area was taken in this type of habitat. A 
larva subsequently collected at the same site by J.B. Sullivan and Eric Quinter (American Museum 
of Natural History), confirmed the host plant to be Eryngium yuccifolum. 


All three of the other species in this group considered significantly rare in North Carolina by the 
Natural Heritage Program — Gabara distema humeralis, Exyra semicrocea, and Spartiniphaga carterae — were 
collected after treatment in 1994 from the Bik treatment block at MOTSU. 


Flatwoods 


Relatively few species on our list are associated with flatwoods per se. The larvae of most of the 
species characteristic of these habitats feed on shrubs, including blueberries and other heaths, hollies, 
and wax myrtles, all of which are highly typical of these habitats but also occur in a variety of other 
habitats. Most of the species in this group that are of special conservation concern are listed under 
Shrubby Peatlands in Appendix C. Only the following four species appear to be particularly 
associated with flatwoods habitats: Cyclophora culicaria, Datana ranaeceps, Agrotis n. sp. nr. buchholzi, and 
Acronicta sinescnipta. 


Cyclophora culicana (Guenee) is found in close association with sand myrtle (Lewphyllum buxifolium 
(Bergius) Ell.), a heath with a highly restricted distribution in North Carolina. This plant is most 
abundant in the flatwoods in Brunswick County, particularly at MOTSU and the Boiling Spring 
Lakes Wetland Complex, the only areas where this moth has been found in the state so far. Like its 
host plant, C. culcana is one of the most conspicuous species in these areas. Specimens were found 
in nearly every collection at MOTSU and the Boiling Spring Lakes area, including Bék treatment 
blocks as well as Gypchek treatment blocks and untreated blocks. 


The larvae of Datana ranaeceps (Guerin-Meneville) feed on two genera of heaths, Lyonia and Leucothoe, 
which are common in both peatland and flatwood habitats. The larvae of this moth appear to 
require the fresh foliage produced after a fire, however, and nearly all of our records are from 
frequently burned flatwoods at MOTSU and Holly Shelter Game Lands. During the post-treatment 
period in 1994, specimens were collected at both Bik and Gypchek treatment blocks, although in 
May and June specimens were collected only at the Gypchek block. 


The new species of Agrotis appears to be a close sibling to Agrotis buchholzi (Barnes and Benjamin), a 
species endemic to the pine barrens of New Jersey (Schweitzer and McCabe 1998). Like true 
buchholzi, the new Agrotis appears to be monophagous on pixie moss (Pyxidanthera barbulata Michaux), 
a low-growing plant that requires frequent fire to maintain its habitat. In the Outer Coastal Plain, 
this plant is one of the species most highly restricted to flatwoods (another variety occurs in the 
Sandhills in more xeric situations). ‘This moth, along with the Venus-flytrap cutworm, appears to 
be endemic to North Carolina. ‘Twenty six specimens were collected in this survey, from flatwood 
sites at Holly Shelter Game Lands, the Green Swamp, MOTSU, and Boiling Spring Lakes. At 
MOTSU, a single specimen was collected in the Bik block before treatment and a second specimen 
was collected there a year later. In the Gypchek block, specimens were collected in 1994 both before 
treatment and during the summer flight period in 1994. Agrots was also collected in this block during 
spring 1995. 


Acronicta sinescnpta Ferguson is tentatively placed in the flatwood group, since North Carolina 
specimens have all come from flatwoods or fire-suppressed (hence shrubby) savannas. The host plant 
is unknown. Based on the larval hosts of two closely related species, A. oblinita (J.E. Smith) and A. 
lanceolana (Grote), the host plant could be a shrub, forb, or graminoid. Only two specimens were 
collected in this survey, both from the Holly Shelter Game Land outside the eradication project area. 
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Shrubby Peatlands 


Shrubby peatlands include pocosins, pond-pine woodlands, and bay forests, all of which occur in 
very poorly drained sites where deep deposits of peat have formed. In some of these habitats, 
canopies may be composed of pond pine (Pinus serotina Michaux), swamp bay (Persea palustris 
(Rafinesque) Sargent), or other trees, but in all cases the lower strata of the vegetation are dominated 
by thick growths of heaths, hollies, and other evergreen shrubs. 


As is true for moths of flatwoods habitats, many of the most characteristic species of shrubby 
peatlands are found in other types of natural communities where their host plants are present. In 
general, this group of moths has probably suffered less from habitat loss and fragmentation than has 
the savanna or flatwoods group. Several species, however, appear to be far more restricted than the 
distribution of their host plants would indicate. The sweetbay silkmoth (Callosamia secunifera Maasen), 
which is monophagous on the widespread sweetbay (Magnolia virginiana L.), is a good example. 


Of the four species considered significantly rare in this habitat group by the Natural Heritage 
Program, only Metarranthis latentiana Guenee was collected at the trapping stations used in the 
comparison of Bik and Gypchek treatment effects. This univoltine, spring-flying species was 
collected after treatment at both Gypchek and Bék treatment blocks at MOTSU. 


Atlantic White Cedar Forests 


Stands dominated by Atlantic white cedar (Chamaecypans thyoides (L.) BSP) represent another type of 
peatland community. Along with pocosins, bay forests, and nonriverine swamp forests, this 
community type was once widespread in the Coastal Plain of North Carolina. It is now, however, 
considered among the most threatened types of forest in North Carolina, due to the over-harvest of 
this valuable commercial timber species and suppression of fire on which it depends for regeneration. 


Most of the moths associated with Atlantic white cedar, on the other hand, are not that rare, since 
they can also feed on eastern red cedar (Juniperus virginiana L.), a species widespread over most of 
eastern North America. One possible exception is Hypagyrtis brendae Heitzman, a species previously 
known only from the Mississippi Valley. The host plant has not been confirmed, but in North 
Carolina this species is abundant in stands of white cedar, while virtually none have been collected 
from areas occupied by the more ubiquitous red cedar. 


All members of the Atlantic white cedar habitat group, along with Hessel's hairstreak (Mitoura hesseh 
Rawson and Ziegler), a butterfly documented as monophagous on Atlantic white cedar, were 
collected at both of the trapping stations in white cedar, at Green Swamp and Holly Shelter Game 


Lands, which were both outside the treated areas. 


Canebrakes 


Eric Quinter (1997) has discovered a large array of noctuids that are apparently monophagous on 
cane; several of these species are undescribed, as are four of the genera to which several belong. 

Although cane itself is still common, at least a few of these species appear to be rare, possibly 
resulting from the demise of the once vast canebrakes of the southeast (Quinter 1997). ‘The two 
species of cane-feeding moths we obtained in this survey, however, appear to be among the least 
the kind of cane habitats they choose. Nonetheless, both Acrapex relicta Ferguson and 
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selective of 


Amphipyrinae (Noctuidae), New Genus 2, New Species 2 were collected only at trapping stations 
in the Holly Shelter Game Lands. 


Swamp Forests and Levee Forests 


Another group of macro-moths that is narrowly restricted in their choice of larval host plants is 
composed of species that feed on cypress (probably including bald cypress, Taxodium distichum (L.) 
Richard and pond cypress, 7. ascendens Brongniart). Although large tracts of cypress-gum swamps 
have been timbered or otherwise significantly altered, cypress remains common throughout the 
region. So do most of the moths that feed upon it. The most noteworthy species in this guild is 
Anacamptodes cypressaria Grossbeck, which until collected by Hall and Schweitzer (1993) in Brunswick 
County, North Carolina, was not known north of Florida (Rindge 1966). In contrast to Anacamptodes 
pergracihs (Hulst), another cypress-feeding species that is widespread throughout the region, A. 
cypressaria appears to be much more local in its distribution, although it is occasionally abundant at 
the sites where it does occur. This species has been collected at only three trapping stations within 
the non-target study area, all outside the eradication project treatment area. 


The two other noteworthy species belonging to this habitat group are Catocala lincolnana Brower and 
C. marmorata Edwards. The host plants of C. lincolnana include swamp species of hawthorns (Crataegus 
spp.), and swamp cottonwood (Populus heterophylla L.) is the host for C. marmorata. ‘These plant species 
are common along the levees and swamp forests of the Cape Fear River, the one brownwater river 
within the project area, but are rare or absent from blackwater swamps, which are the more 
prevalent type of swamp forest in the North Carolina Coastal Plain. Brownwater rivers originate 
in the Piedmont or Blueridge physiographic provinces and carry large amounts of sediments. 
Blackwater rivers, in contrast, originate in the sandy soils of the Coastal Plain and contain smaller 
sediment loads. 


Both C. lincolnana and C. marmorata were recorded during the study at Greenbank Bluff, well outside 
the eradication project area; C. marmorata was also collected from a swampy area within the Gypchek 
treatment block at Carolina Beach State Park. Outside the study area, both species have been 
collected in floodplain habitats along the Roanoke River, another large brownwater river that flows 
through the North Carolina Coastal Plain (Hall 1999). 


Sandhills 


The largest group of habitat specialists in the eradication project area -- 24 species of macro-moths 
-- is associated with the most xeric habitats found within the region. In the Outer Coastal Plain of 
North Carolina, xeric areas are almost exclusively associated with sandhills and are dominated by 
longleaf pine, wiregrass, and turkey oak. Other xeric oaks and shrubs may also be important 
elements. Elsewhere, many of the moth species associated with these habitats occur in more general 
types of pine-oak barrens or dry, open woodlands. 


Sandhills habitats are fairly widespread within the Cape Fear region but have been largely degraded 
or converted by timbering, development, and fire suppression. Most of the moths associated with 
these habitats were collected in the large, high quality tracts at Carolina Beach State Park and Peter’s 
Point in the MOTSU Bufferlands. Of the six species in this group considered significantly rare by 
the Natural Heritage Program, all but Pygarctia abdominals Grote were collected at Peter’s Point, an 
area in the MOTSU Bufferlands treated with Gypchek. Catocala amestns Strecker and C. jair Strecker 
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were collected only at Peter’s Point. Two of the six species were also collected within Carolina 
Beach State Park: Ptichodis bisingata Hubner was collected in both the Bék and Gypchek blocks in 
1995, and Tnchosilia manifesta (Morrison) was collected in both treatment blocks in 1994 and 1995. 


Maritime Evergreen Forests and Scrub 


In North Carolina, forests dominated by live oak (Q, virginiana Miller) are largely confined to the 
barrier islands and a few sites along the outer coast; only a few small isolated stands occur further 
inland. Maritime shrub habitats, dominated by sand live oak (Q, geminata Small) and other species 
of shrubs, are also limited to the Outer Coastal Plain. 


Most of the moths in this habitat group feed on evergreen oaks, which include sand laurel oak (Q, 
hemisphaenca Bartram) in addition to live oak and sand live oak. A few species in this group feed on 
other plants typical of the maritime zone. These include Litroposopus futilis (Grote and Robinson), that 
feeds on palmettos, and Drastena graphica Hubner, which in southeastern North Carolina may feed 
on a maritime species of sunrose (Helianthemum). 


The species in this group considered significantly rare in North Carolina by the Natural Heritage 
Program are all apparently associated with maritime shrub communities and were collected 
primarily at Peter’s Point in the MOTSU Bufferlands and at Carolina Beach State Park. 


Drastena graphica was recorded within the Bik treatment block at Carolina Beach State Park only in 
the pretreatment period in 1994, but was collected in the Gypchek treatment block in 1994, 1995, 
and 1996. It was also collected at Peter’s Point in 1994 and 1995 and in the Gypchek block in the 
main portion of MOTSU in 1995. 


Kale declarans (Walker) was collected in both treatment blocks at Carolina Beach State Park, before 
and after treatment in 1994, 1995, and 1996. It was also commonly collected at Peter’s Point and 
Fort Fisher (Gypchek treatment blocks) and once in the Bik treatment block at Bald Head Island 
before treatment. 


Catocala messalina Guenee was collected once in the Bik treatment block at Carolina Beach State Park, 
after treatment in 1994. All other records come from Peter’s Point during the posttreatment period, 
four from 1994 and one from 1995. 


Mesic Hardwood Forests 


Stands of mesic hardwoods are rare within the Outer Coastal Plain and only four species recorded 
in this study appear to be restricted to this type of forest (a larger number are associated with 
hardwoods more generally). These species were all recorded at Greenbank Bluff, the one site in the 
non-target study area containing this type of habitat. Scopula ordinata (Walker), which feeds on 
Trillium catesbaei Elliott (Covell 1970), was recorded only at this site, which is one of the few areas in 
the entire Outer Coastal Plain likely to support populations of this host plant. The other species 
were also collected at trapping stations containing bottomland hardwoods, but not within the 


eradication project area. 
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Other Species of Conservation Concern 


Several rare species for which habitat requirements are poorly known are included at the end of 
Appendix C. Eupithecia peckorum was recorded within the Btk block at Carolina Beach State Park 
before treatment but not after. It was also recorded at Fort Fisher and Peter’s Point (both Gypchek 
blocks) after treatment, as well as at two sites outside the treatment area. Dysgonia smuthu was 
recorded at Half Hell Swamp, a Bék block, after treatment. It was also recorded at two additional 
sites outside the treatment area. Cerma cora was recorded only at Fort Fisher and Peter’s Point, both 
before treatment with Gypchek. Meropleon diversicolor sullivani was recorded only once, at the Bik block 
at Half Hell Swamp after treatment. Ceratonyx satanana, Macrochilo lowsiana, and Lithophane lacey: were 
recorded from the eradication project area but from outside the treatment area. 


ASSESSMENT OF POTENTIAL RISK FROM BTK 
Risk to All Macro-Moths 


Appendix B lists all species of macro-moths collected in this survey, along with the Bék risk assessment 
criteria described in Methods and Materials. The following table presents the tallies for each risk 


group: 
NUMBER OF SPECIES 
158 24%) 


Moderate-to-high risk 174 (26%) 
High risk? 9 (1%) 
High risk Pole 230/0) 





Although these figures represent potential risk in the majority of cases, we are confident that only a 
small proportion of the overall macro-moth fauna within the eradication project area are probably 
at no risk from the application of Bik. Species in this group were either not present as larvae during 
the time of spraying, feed within their host plants, or have low effects of Bék in bioassays. 


Of the species for which we were able to estimate the instars that would have been present during 
the application period, the vast majority -- 50 percent of all species identified in the survey -- appear 
to be at substantial risk, scoring a risk of either moderate-to-high or high. Most of these species 
would likely have been present as early instars during active Bik residue. Other species in this risk 
group are those with known high susceptibility to Bék. 
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A much more limited group -- II percent of the total -- was more likely to have been present as mid- 
to late-instars and fall into the "Possible Risk" category. Although we believe these species are less 
likely to be affected, there are undoubtedly some highly sensitive species included in this group. 


Risk to Habitat Specialists and Rare Species 


The following table presents the risk analysis for just the group of habitat specialists and rare species 
listed in Appendix G, that is, the group for which our concerns were the greatest: 


Habitat Specialists and Rare Species 


POTENTIAL RISK FROM BTK NUMBER OF SPECIES 
Unknown risk 19 (18%) 
No risk D1 5s 70) 
No risk? 2270) 
Possible risk 15 (14%) 
Moderate-to-high risk 28 (26°% 
High risk? 0 (0% 
High risk 24 245 /0) 





Again, only a small percentage — 19 percent -- appears to be at little or no risk. Several of the rarest 
species in the region belong to this group, however, including the following species identified as 
significantly rare in North Carolina by the Natural Heritage Program: 


Acromcta sinescnpta Ferguson 
Anacamptodes cypressaria (Grossbeck) 
Exyra semicrocea (Guenee) 

Meropleon diversicolor sulivam Ferguson 
Metarranths n. sp. | 

Papaipema eryngu Bird 

Spartiniphaga carterae Schweitzer 
Notodontidae, n. genus 1, n. sp. | 


Four of these species are internal plant feeders: Exyra semacrocea, Meropleon dwersicolor sullwam, Papaipema 
eryngu, and Spartimphaga carterae. The others were probably not present as larvae during the spray 


period. 


As in the case of the entire fauna, the majority of the habitat specialists appear to be at moderate- 
to-high risk. Of the subset of this group considered significantly rare by the Natural Heritage 
Program, the following species are estimated to be at high risk from Bék: 


Agrotis n. sp. | nr. buchholzi 
Catocala jar Strecker 

Ceratonyx satanarnia Guenee 

Cerma cora Hubner 

Chaetaglaea fergusom Brou 
Cyclophora culicana (Guenee) 
Drasteria graphica Hubner 
Eupnthecia peckorum Heitzman and Enns 
Hemipachnobia subporphyrea Walker 
Puchodis bistngata Hubner 
Pygarctia abdominals Grote 
Trichosilia manifesta (Morrison) 


For most of these species, the trapping data collected in this study offers little conclusive evidence 
regarding their actual sensitivity to Btk. The majority is represented by five or fewer specimens 
collected within the treatment area and several of these species were not found within the matched 
habitat blocks used to compare Bik and Gypchek treatments. 


Five of these species, Agrotis n. sp. 1 nr. buchholzi, Cyclophora cuhcana, Pygarctia abdominals, Ptichodis 
bistrigata, and Trichosilia manifesta, were found after treatment with Bék, although in some cases only 
a year later. This suggests that population recovery was at least possible, whatever the impacts of 
the spraying may have been. On the other hand, adults of Hemipachnobia subporphyrea and Drastena 
graphica were recorded before treatment with Bék but not after (both species were found in Gypchek 
blocks after treatment). For these species in particular, more trapping is needed to determine 
whether their populations eventually recovered. 


COMPARISON OF ABUNDANCE BETWEEN TREATMENTS 


Figures 5-7 plot the weekly changes in overall macro-moth abundance in 1994 and 1995 within the 
three pairs of trapping stations for the matched BéK and Gypchek blocks. Also plotted are the dates 
of the initial application of Btk for each of the station pairs, along with an estimated 2-week lag 
period, within which no effects of the spraying are likely to show up. Species exposed as late instars 
would be the first to show any effects, as soon as they begin to emerge from pupation. Given a 
minimum of 2 weeks for pupation in most macro-moths during spring, no effects would be likely to 
show up among the adults for at least this period. 


Pretreatment Comparisons 


Pretreatment abundance levels from the two MOTSU treatment blocks were very similar (Figure 
5): the Bik block produced more specimens on two of the trapping dates and the Gypchek block 
more on the other two dates. Apart from one collection in late March, pretreatment abundance 
levels from the two treatment blocks at Carolina Beach State Park also were similar (Figure 6), 
although blocks later treated with Bik consistently produced more moths. These similarities in 
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abundance between the treatment blocks at MOTSU and Carolina Beach State Park are in accord 
with the general similarities in habitat observed in these areas, as described under Trapping Stations. 


On the other hand, pretreatment abundance levels from the treatment blocks at Bald Head Island 
differed substantially. The Gypchek treatment block consistently produced more moths (Figure 7). 
This result agrees with differences in habitat features recorded at the two stations: the Gypchek 
block was located in an essentially intact maritime forest, whereas the Btk block was located within 


a developed area, where light pollution may have affected trapping efficiency or, along with other 
factors, degraded the habitat for macro-moths. 


General Posttreatment Trends 


A comparison of data from MOTSU and from similar habitats in the same region obtained in 1991 
(Hall and Schweitzer, 1993) indicates that a major depression in macro-moth abundance occurred 
independently of treatment effects shortly after spraying commenced. A plot of trends in abundance 
at MOTSU and at four Nature Conservancy Preserves, which also consisted of a mosaic of longleaf 
pine-dominated habitats and peatland communities, were comparable in early April (Figure 8). 
Levels of abundance at MOTSU were much lower over the rest of the year, however, particularly 
during May, July, and August. 


As shown in Figure 9, these trends were not limited to areas treated with Btk or Gypchek: numbers 
comparable to those at MOTSU were also recorded at the trapping station in the Boiling Spring 
Lakes Wetland Complex, outside the treatment areas but in habitat similar to that at MOTSU and 
the Nature Conservancy trapping stations. The same general trends were also seen at other stations 
in 1994, in habitats for which we have no other baseline data. ‘The changes in abundance observed 
within the Coastal Fringe Sandhills habitats at Carolina Beach State Park, for instance, closely match 
those at MOTSU (compare Figure 5 and 7): the abundances within both treatment blocks declined 
markedly in early May and stayed low throughout most of the summer. 


One factor that could explain low lepidopteran abundance over a large region 1s adverse weather, 
particularly periods of either cool, moist weather or hot, dry weather (Sample et al. 1996). Figures 
10 and 11 show monthly averages for rainfall and temperature within the eradication project region 
for 1991, the year of the Nature Conservancy survey, and 1994. ‘Two major differences show up 


during spring: 
1. April 1994 appears to have been markedly drier and somewhat hotter than April 1991. 


2. The average low temperature for May was 8 ° F cooler in 1994 than in 1991, the result of 
a series of moderately cooler days rather than a cold snap (Figure 12). 


Activity among moths has been demonstrated to depend on temperature. We would expect the cool 
period in May to result in a lower number of moths collected, however, no similar cool period 
occurred during summer that would account for the lower numbers that prevailed from June to 
September 1994. Larval mortality may also have been involved, probably occurring at some point 
before the decline in abundance among the adults. 


2) 


Posttreatment Comparisons 


Despite the fact that moth numbers appeared to be abnormally low in all treatment blocks in 1994, 
abundance within the Bék blocks was generally lower to much lower than in the matching Gypchek 
blocks. This pattern is shown in weekly trends in abundance (Figure 5-7), as well as in yearly totals 
(Figure 13). 


The differences between treatments were particularly noticeable at Carolina Beach State Park, 
where before the end of the lag period all collections consistently showed greater abundance within 
the Btk block, but afterwards nearly all showed smaller catches (Figure 6). Within 1994, this 
difference appeared to persist into September, after which the collection from the Btk block once 
again became larger. In early 1995, however, collections from the Gypchek block were again larger, 
corresponding to the emergence period for a number of univoltine, spring-flying species that would 
have been exposed as larvae during the previous year. The cumulative effect of these weekly 
differences in abundance is shown in Figure 13, where the combined collection from the Gypchek 
block are larger than those from the Bék block in both 1994 and 1995. 


A similar pattern after treatment was seen at Bald Head Island in 1994 and 1995 (Figure 7), although 
-- as mentioned previously -- the Gypchek block may have been located in better habitat, as 
indicated by the pretreatment effects. The smaller collection in the Bék block at Bald Head Island 
thus cannot be completely attributed to treatment effects. 


The collection from MOTSU (Figure 5) likewise show the same trends during the posttreatment 
period, although otherwise the collections appear to be more similar than those from the other two 
stations. Perhaps due to this greater similarity, the period during which the collections from the 
Gypchek treatment blocks were consistently larger appeared to last for a shorter period of time at 
MOTSU, extending only until the end of July 1994 and to the end of May 1995. 


Between-Year Changes in Abundance 


Increases in moth numbers from 1994 to 1995 occurred at three of the treatment blocks within the 
group of matched habitat pairs (Figure 13): the Gypchek blocks at Carolina Beach State Park and 
MOTSU, and the Btk block at MOTSU. Increases were also observed at Peter’s Point in the 
MOTSU Bufferlands (treated with Gypchek) and at International Paper (IP) in the Boiling Springs 
Lake Wetland Complex (treated with Bék). Apart from the fact that all of these blocks are dominated 
by longleaf pine communities, ranging from xeric sandhills to wet pine flatwoods, the most obvious 
common denominator is the extensiveness -- several thousand acres -- of natural habitat. 


Moth numbers decreased at both treatment blocks at Bald Head Island, at the BéK block at Carolina 
Beach State Park, and at the Gypchek treated block at Fort Fisher. The Btk block at Carolina Beach 
State Park as described previously, is longleaf pine-dominated sandhills, while the other habitats are 
all maritime forest. Compared with the large areas of habitat present at all of the trapping stations 
where numbers increased, these four stations can all be considered small and insular. For the three 
maritime forest stations, areas of comparable habitat are located some distance away, separated by 
water, development, or large tracts of other types of habitat (Figure 2). The Btk block at Carolina 
Beach State Park is located on the periphery of the major block of sandhills habitat in the area and 
is surrounded on all sides by roads or development. 
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DISCUSSION 
PREVIOUS NON-TARGET STUDIES 


Most previous studies of the non-target impacts of Btk were concerned primarily with general effects 
on the entire lepidopteran fauna or taxonomically defined subsets, and the principal effects 
investigated included changes in the abundance of individuals or in total number of SDeciccm( Le 
species richness). Although these studies acknowledge that impacts may be greater on rare species 
and that recolonization from untreated refugia plays a role in recovery from impacts -— which were 
the two main foci of our project -— only a few have investigated these effects directly. 

In a study of the guild of Lepidoptera feeding on Garry oak (Quercus garryana Dougl. ex. Hooker) on 
plots treated with three applications of Bik, recovery in the number of species took 3 years, while 
recovery in the number of individuals took only 2 years (Miller 1990a). This result is contrary to the 
expected relationship between species richness and sample size: the number of species usually varies 
directly with the number of individuals collected. Miller (1990a) hypothesized that this difference 
reflected the slower rate of recolonization needed for species recovery compared with the more rapid 
within-site reproduction by survivors that accounted for recovery in gross abundance. 


In a second study conducted on a guild of Lepidoptera feeding on tobacco brush (Ceanothus velutinus 
Dougl.), Miller (1990b) found that species richness among uncommon species was reduced on treated 
plots, although no significant differences were found among common or dominant species. He 
hypothesized that rare species were particularly vulnerable to local extirpation, or even extinction 
in the case of species endemic to the treated area. On the basis of these findings, but not on any 
direct data, he further suggested that the larger the area treated, the longer recovery would take, due 
to the greater time needed for recolonization to extend into the treated areas from unsprayed refugia 
(Miller 1990a, b). Although not studied directly, this idea has been subscribed to in other studies of 
non-target impacts of Bik, for example, Peacock and Bullington (1989), Wagner et al. (1996), and 
Sample et al. (1996). 


In the study most similar to ours, Crawford et al. (1992 1993; Crawford and Austin 1994) monitored 
the impacts to non-target species of large scale, multiple applications Bik to eradicate Asian-strain 
gypsy moths in Washington State (USDA 1992). As in our study, the potential impacts to natural 
areas and to rare moth species were of high concern. Spring-flying moths collected over a variety 
of native habitats were categorized according to their degree of abundance, vagility, and narrowness 


of distribution. 


Of 68 spring-flying species recorded, 14 were judged to be both local in distribution and either 
uncommon or rare. Based on the early flight period of the adults, all were also expected to have 
been present as larvae during the time of spraying. Compared with more vagile species (including 
uncommon but widespread species), which were expected to recolonize treated areas relatively 
rapidly, the group of uncommon, local species was expected to take several years to recover to 
baseline levels. The majority of these species were not, in fact, re-collected during spring 1 year after 
treatment, although differences in rates of recovery between the different categories are still not clear. 
A full analysis of the data from spring 2 years after treatment has not yet been completed, but at 
least one very rare and highly localized moth, Protorthodes rufula (Grote), reappeared at its original site 
in the third year of this study, after having been missed the two preceding years. 
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THE PRESENT STUDY 


In our study, we also grouped species into categories that we believed would respond differentially 
to the effects of Btk. Unlike Miller (1990a, b), Crawford et al. (1992, 1993), or Crawford and Austin 
(1994), we attempted to categorize the entire fauna of macro-moths found within our project area. 
In addition to grouping species according to their degree of rarity (including consideration of both 
spatial distribution and local abundance), we also characterized species according to habitat affinity 
and to potential risk from Bék, based on larval phenology and feeding type. Given the extreme level 
of habitat fragmentation in our study region, we expected that species with high affinities to the 
native habitats would be particularly slow to recover from the effects of reductions in their 
populations, since recolonization may play little or no role in recovery. This group should also 
contain a disproportionate number of species at high risk of local extirpation. 


Of the 106 macro-moths we identified as habitat specialists or as otherwise of particular conservation 
concern (Appendix C), we estimated 53 species -- 8 percent of the total number of macro-moths 
collected -- fall within the moderate-to-high or high risk categories. Based on the high degree of 
reduction and fragmentation of native habitats within southeastern North Carolina, we expected this 
proportion to be higher than for areas with more homogeneous and less-fragmented habitats. 
However, there are no other studies to which we can directly compare these results. As mentioned 
above, Crawford et al. (1993) identified only 14 species of localized or rare moths within spring-flying 
moths believed to be at greatest risk, but used methods of categorizing risk and distributional status 
that were substantially different from those of our study. 


Although we estimated only a small proportion of the entire fauna of macro-moths would be 
particularly at risk, this group contains the two species believed to be endemic to southeastern North 
Carolina, Agrots n. sp. 1 nr. buchholzi and Hemipachnobia subporphyrea, as well as several other species 
known from only locations within this region. Loss of any populations of these species would be of 
significant conservation concern, but loss of even a single population of Hemipachnobia subporphyrea 
could be catastrophic for this species. Based on results of a status survey currently being conducted 
by the Natural Heritage Program, only four extant metapopulations are known, including the one 
present at MOTSU within the eradication project area. 


Our analysis of impacts to 12 rare species in the high risk category failed to show any definite trends, 
primarily due to the low numbers of individuals of these species captured within the Btk and 
Gypchek comparison blocks. Analysis of impacts to the overall fauna of macro-moths, however, 
strongly suggests an effect due to Bik, as would be expected based on our estimates that 50 percent 
of the species would be at moderate-to-high or high risk. Although there appear to have been 
additional, unexplained factors affecting posttreatment abundance levels in 1994, our results are 
consistent with findings of previous field studies of the non-target impacts of Btk. Virtually all such 
studies found lowered abundance among macro-moth larvae or adults after treatment, whether 
comparing Bék-treated blocks with controls (Miller 1990a, b, Wagner et al. 1996, Sample et al. 1996) 
or pretreatment levels with posttreatment levels (Crawford et al. 1992, 1993; Crawford and Austin 
1994). Differences between treatments and controls were evident even when weather or other 
factors were at work (Sample et al. 1996). Where a series of samples were taken at regular intervals 
after application of Bik, abundance within treatment blocks remained lower than within controls over 
most of the summer (Miller 1990a, Wagner et al. 1996). Much lower numbers were also evident in 
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the year after treatment, when univoltine, spring-flying species would first be likely to show any effect 


from treatment the previous year (Sample 1990a, b; Wagner et al. 1996; Sample et al. 1996; 
Crawford et al. 1993). 


We were not able to determine the statistical significance of the effects we observed. However, the 
effort we put into identifying all specimens and categorizing them by distributional status and risk 
to Bik will allow us to determine whether some subgroups showed lower patterns of abundance than 
others. In particular, we plan to look for differences between treatments among the three main risk 
categories and to determine whether habitat generalists within the higher risk categories recovered 
in numbers more quickly than habitat specialists. 


BENEFITS OF PROTECTING NATURAL AREAS 


We found little evidence that any species was extirpated from the area as the result of the AGM 
eradication project. In fact, several rare species clearly survived or at least quickly recolonized the 
Btk blocks. Nonetheless, we believe the effort to protect a core group of natural areas through use 
of Gypchek was well worth the effort: virtually all the sites treated with Gypchek turned out to 
support large numbers of species considered to be of conservation concern by the Natural Heritage 
Program. Several rare species collected at Peter’s Point were, in fact, either not found anywhere else 
within the project area, or occurred at that site in significantly larger numbers than elsewhere. In 
the case of Hemipachnobia subporphyrea Walker, the most distinctive moth in the entire region, a 
population survived on the Gypchek-treated area at MOTSU. The fate of the population originally 
found in the Bék-treated portion of the base, however, remains in doubt. 


The patterns of recovery seen a year after treatment also suggest that protection of at least large 
blocks of high quality habitat may play a significant role in recolonization of depleted areas. ‘The 
recovery within smaller, more isolated blocks are more equivocal, but the continued low abundances 
observed in those blocks are at least in agreement with our hypothesis that fragmented habitats are 
particularly vulnerable due to slow rates of recolonization. 


RECOMMENDATIONS 


Based on the results of this study, we recommend that key natural areas be protected in any large- 
scale application of Bék or any other insecticide with broad non-target impacts. This protection is 
especially important in areas where native habitats are restricted in distribution, either naturally as 
in the case of maritime forests, or due to human-caused habitat fragmentation as in the case of the 
longleaf pine communities. These decisions need not depend on extensive preproject information: 
our selection of key tracts to protect was based originally on habitat considerations rather than on 
macro-moth survey data. The North Carolina Natural Heritage Program has, in fact, adopted this 
approach in reviewing gypsy moth control projects in areas of the state where the fauna of macro- 


moths has not yet been surveyed. 
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_ CONCLUSIONS 


The wealth of information on species presence, distribution, abundance levels, habitat affinities, and 
potential risk from Bék -- all of which would have taken years to obtain without the levels of support 
provided in this study — can form the basis for recommending more effective protection measures 
or setting up more meaningful monitoring program if a large-scale eradication program ever again 
becomes necessary. Even if a large eradication program is never needed, the data collected in this 
study will still be of great use in determining protection priorities and guiding land management 
decisions within one of the most critical conservation areas in the southeastern United States. In the 
end, this may be the most important application of what we regard as a model collaborative effort. 
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Figure 5. Weekly Changes in Macro-moth Abundance, MOTSU 
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Figure 6. Weekly Changes in Macro-moth Abundance, Carolina Beach State Park 
a. 1994 Data 
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Figure 7. Weekly Changes in Macro-moth Abundance, Bald Head Island 
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TRAPPING STATION 
(TREATMENT) __ 


MOTSU, Firebreak 32/34 Wet Pine Flatwoods, Sand Myrtle Variant 

(Gypchek - 1994) 

MOTSU, N. Perimeter Road | Wet Pine Flatwoods, Sand Myrtle Variant 

(Bik - 1994) 

Boiling Springs Lakes, IP Slash Pine Plantation/ Wet Pine Flatwoods, ol 
Tract (Bik - 1994) Sand Myrtle Variant; Vernal Pool 


Boiling Springs Lakes, Half Coastal Plain Small Stream Swamp Forest, 
Hell Swamp (Bék - 1995) Wet Pine Flatwoods, Sand Myrtle variant 


Boiling Springs Lakes Wet Pine Flatwoods, Sand Myrtle Variant; To 


Wetland Complex Pine Savanna, Rush Featherling Variant 
(Untreated) 


Carolina Beach State Park, Coastal Fringe Sandhill; Small Depression 
East of Dow Road (Bik — Pond 
1994) 


Carolina Beach State Park, Coastal Fringe Sandhill; Small Depression 
Main Section (Gypchek - Pond 
1994) 


MOTSU Bufferlands, Peter's | Xeric Sandhill Scrub; Coastal Fringe 54 
Point (Gypchek - 1994) Sandhill 
Fort Fisher, State Historic Coastal Fringe Evergreen Forest 

Site (Gypchek - 1994) 

Fort Fisher, Aquarium Trail Salt Scrub 

(Bik - 1994) 

Bald Head Island, Live Oak Maritime Evergreen Forest 50 

Trail (Gyp - 1994) 

Bald Head Island, Red Bay Maritime Evergreen Forest 50 

Court (Btk - 1994) 

Holly Shelter, Hot Burn Pine Savanna 18 

Savanna (Untreated) 

Holly Shelter, Scenic Pine Savanna 26 

Savanna (Untreated) 


Holly Shelter, South Pine Savanna; Pine-Scrub Oak Sandhill 
Powerline Savanna and 


Sandridge (Untreated) 
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Holly Shelter, Cremium and 
Parnassia Savannas 
(Untreated) 


Holly Shelter, Atlantic White 
Cedar Stand (Untreated) 


Holly Shelter, Trumpeter 
Swamp (Untreated) 


Holly Shelter, Northeast 
Cape Fear Swamp Forest 
(Untreated) 


Holly Shelter, Depot 
Sandhills (Untreated) 


Holly Shelter, Waterfowl 
Impoundment (Untreated) 


Holly Shelter, Centipede 
Trail (Untreated) 


Greenbank Bluff (Untreated) 


Green Swamp, NC 211 
Savannas and Flatwoods 
(Untreated) 


Green Swamp, Myers- 
Clemmons Tract (Untreated) 


Green Swamp, Northern 
Boundary Road (Untreated) 


Eagle Island (Untreated) 


UNC-Wilmington Longleaf 
Pine Forest (Untreated) 


Supplementary Sites, New 
Hanover County (Untreated) 


Supplementary Sites, Bladen 
County (Untreated) 


ae re | yy eee “ N hy ] 
Peatland Atamuc Winite Cedar Forest: Wet 
a a 7 woth: tes Dh & 1 Xe 
Pime Flatwoods: Coastal Plain Smalll Snearn 


Swamp 


Coastal Plaim Small Stream Swamp: Wet 
Pine Flatwoods 


a. n eS - & ‘> Peas p23) ~t 2 \ 
Cypress-gum Swamp (Blackwater Subtype 


Xeric Sandhill Scrub 


Coastal Plain Semipermanent 
Impoundment 


Pond Pine Woodland 


| Mesic Mixed Hardwoods; Acidic Clift 
| Coastal Plain Small Stream Swamp; 
Coastal Plain Levee Forest 


Pine Savanna; Wet Pine Flatwoods 


Slash Pine Plantation; Pine-Scrub Oak 
Sandhill; Vernal Pool 


Peatland Atlantic White Cedar Forest 
Coastal Plain Levee Forest; ‘Tidal Gypress- 
gum Swamp; ‘Tidal l'reshwater Marsh 


Xeric Sandhill Scrub; Wet Pine Flatwoods; 
Vernal Pool 


Various 








Various 





l. Habitat names follow Schafale and Weakley (1990), 


pa Totals include macro-moths only. 
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LONGLEAF PINE AND WIREGRASS — GENERAL 


Semiothisa distribuaria sGE Ce Eee sha 4 
sCP: [NC->]SC->FL Conifers: pines (longleaf only 

Tolype minta in NCA S283 

Gabara pulverosalis Se S283 


seCP: NC->FL 


Conifers: pine (longleaf only?) 


Q 


G4 


Graminoids: wiregrass? 


G4 


Graminoids: wiregrass? 


$3? G4 


Euagrotis lubricans 


PINE SAVANNAS, OPEN BOGS, AND WET SWALES 


: 











G4 
S 
G4 
S GU 
: 
Exyra ridingsii Forbs: Sarracenia flava S3 (23 G4 
G4 
G4 
G5 
G? 











G1G2 


© CP: NC->FL->TX (includi Forbs: S i : 
Spartiniphaga carterae $283 | _G2G3 
Bele Roneeep assign sas3_ | Gt 
° eo E: [NC]; Forbs: Eryngium yuccifolium 
Papaipema eryngii ce a iS 


IL 
E: NY->FL;WS->TX Graminoids: grasses 
Amolita fessa 
seCP: [NC->]FL Graminoids ‘ 
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e 

2 
S1 

SS 
SU 


Leucania incognita 

























ae a 
Schinia jaguarina (ee ere See 
G 








Hemipachnobia 
subporphyrea 


Forbs: Dionaea 





WET PINE FLATWOODS 














eCP: NJ->GA,FL Shrubs: Leiophyllum, possibly 
also Ilex glabra (reared from 
larvae found on Ilex; J.B. 


Sullivan, pers. comm.) 





Cyclophora culicaria 










Shrubs: Leucothoe, Lyonia 


i 
4 
4 
4Q 

me 
4 
(but not Vaccinium or 4 
? 
4 
U 
4 
4 
in 






Datana ranaeceps 





S283 
Andromeda, as has been 
reported) 


SHRUBBY PEATLANDS 


Metarranthis lateritiaria 


S183 G3G4 
(of Guenee) 


» NTR t—3 a 3s 
Metarranthis n. sp. 1 $283 
Callosamia securifera sCP: NC->FL->MS Hardwoods: sweetbay S283 


ae 
ze 



















G 
G 
G 
Glena cognataria 
eCP: NJ->FL Unknown (Ericaceae are G 
accepted in captivity but 
cannot be reared on them) 


Stenaspilatodes antidiscaria 











sCP: NC->GA->? Shrubs: Ericaceae?, Clethra? 

















Shrubs: Vaccinium, 
Gaylussacia, Comptonia 
peregrina, Myrica (Malus and 
conifer records refer to S. 
poecilius) 





Sphinx gordius 









E: Can->NY->FL->eTX Hardwoods: Prunus; Shrubs: 
Vaccinium; Forbs: Plantago 
and probably many other 


herbs 


Spilosoma dubia 
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93? 






G4 


G? 
G? 
G? 
G? 

5 





Hardwoods: willow, poplar, 
cherry; Shrubs: blueberry, 


sweet fern, 


BEET OEMS : Midna cba ye 
cranberry 
G5 


Conifers: larch; Shrubs: 
Vaccinium, Gale, S384 
Chamaedaphne 


CANEBRAKES 
Amphipyrinae, New Genus 2, shack 
Species 2 (of Quinter) 


SE: VA->FL;MO->MS 
SWAMP FORESTS AND LEVEE FORESTS 
Semiothisa aequiferaria GAGs 
Anacamptodes cypressaria? Soniters Laxodiucs $283 
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Acronicta lanceolaria 




















Anomogyna youngii N: Lab.->NJ[->NC];OH 

























SPECIES! 


FL; Conifers: bald ress 


seCP: [NC->]FL Conifers: Taxodium 












eT S = 


G4G5 





G4G5 


Cutina distincta 


? Conifers: Taxodi 


G4G5 


CP: NY,NJ->FL->LA 


Hardwoods: oaks, including 
blackjack and bear oak; 


Nemoria bifilata bifilata 










Shrubs: Rhus copallina (in 
laboratory) 





Cicinnus melsheimeri E: sOnt, MA->FL;WI->TX Hardwoods: scrub oaks 


E: N.S.->GA;MN->KS,AR- 
>LA 


Hardwoods: scrub oaks (but 
not Viburnum, as has been 
reported) 


eCP: NJ->FL Forbs: Pes other 
Dasychira leucophaea se ae els oak? (probably 
y o -- DFS), poplar 








Hyparpax aurora 







qQ | @ 
ala 


Q 
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— —— = 
Catocal O E: NC->FL;WI,SD->IL->TX Forbes: Amorpha; Hardwoods: 
a amestris veil S182 G4 


Phoberia orthosioides 
(of Ferguson) 


G4 









G3 


: sCP: sVA->FL Epipires: Tillandsia?, a) 
Toi oo a: See ee 
Eucoptocnemis dapsilis selene S283 G4 


Trichosilia manifesta Nhe Vee S253 G4 
MARITIME EVERGREEN FORESTS AND SCRUB 


ili FL eatany 
]SC->FL- 
| FL 
















eCP: NJ?->eVA->FL Hardwoods: oaks, including 
live oak (but not on Smilax, as 


apparently based on Abbott) 


Cymatophora approximaria 










G4 
G? 
G? 
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S4 
4 
SU 









e e e@ : i - - - G ids: sed ip 
Macrochilo louisiana en rte S283 
E: ME->GA;Ont.->I1O->TX Hardwoods: pin wane other 


Meropleon diversicolor ie de oe S183 G4TU 
sullivani 


Species in bold face were listed as significantly rare in LeGrand and Hall (1997). A few additional species 
have also been added to this list since the last edition was published, a Papaipema eryngi. 


























2a Distribution along the Atlantic Slope is given first, from north to south; Mid-western range is given second, 
followed by western ranges. E = Eastern United States and Canada; N = Northern United States; S = 
Southern United States; CP = Coastal Plain; [ ] = not included in published range descriptions. Lower case 
letters prefixed to some of these codes include e for east, and s for south. 


State ranks are analogous but refer to the distribution of a species within a state instead of its entire range. 


4, Global Ranks estimate the rarity or commonness of a species rangewide, according to the following 
conventions: 


G1 — Critically imperiled globally because of extreme rarity or because of some factor(s) making it especially 
vulnerable to extinction. Number of extant populations is estimated to be within one to five. 


G2 —Imperiled globally because of rarity or because of some factor(s) making it very vulnerable to 
extinction throughout its range. Number of extant populations estimated to be within six to twenty. 


G3 — Either very rare and local throughout its range or found locally (even abundantly at some of its 
locations) in a restricted range (e.g., a single physiographic region) or vulnerable to extinction due to other 
factors throughout its range. Number of extant populations estimated to be within 21-100. 


G4 — Uncommon to rare but apparently secure globally. Number of extant populations estimated to be 
within 100-1,000. 


G5 — Demonstrably secure globally, although possibly rare in some parts of its range, particularly at the 
periphery. Number of extant populations estimated to be over 1,000. 


GU — Global rank cannot be estimated based on current data. 
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New StateRecords 


This assessment is based primarily on review of the literature. Institutional collections that were consulted include the 
North Carolina State University Collection of Insects, the Insect Collection of the North Carolina Department of 
Agriculture, U.S. National Museum, and American Museum of Natural History. Other collections, however, were not 
surveyed for previously collected specimens. 


Bese amg RU ALI ELE eiac| ange ire inn "boo orp» 
{oP INCI. 
Pimaphera percata sCP: [NC->]FL 


Ceratonyx satanaria eCP: [NC->]FL 













Lobocleta plemyraria E: NJ->FL;SD->TX 





Lobocleta peralbata S: [NC->]SC->FL;TX 

















Idaea ostentaria CP: [NC->]FL 


Trichosilia manifesta 


sCP: [NC->]FL 


1 Distribution along the Atlantic Slope is given first, from north to south; Mid-western range is given second, 
followed by western ranges. E = Eastern United States and Canada; N = Northern United States; S = 
Southern United States; CP = Coastal Plain; [ ] = not included in published range descriptions. Lower case 
letters prefixed to some of these codes include e for east, and s for south. 


Eucoptocnemis dapsilis 





oi 


REFERENCES 


Butler, L.; Kondo, V. 1991. Macrolepidopterous moths collected at blacklight trap at Cooper’s 
Rock State Forest, West Virginia; a baseline study. West Virginia Agricultural Experiment 
Station Bulletin 705:1-25. 


Covell, C.V. Jr. 1970. A revision of the North American species of the genus Scopula 
(Lepidoptera, Geometridae). Tranactions American Entomological Society 96:101-221. 


Covell, C.V. Jr. 1984. Eastern Moths. Boston: Houghton Mifflin Company. 496 p. 


Crawford, R.L.; Crabo, L.G.; Austin, J. 1992. Baseline inventory of nontarget Lepidoptera: 
Asian gypsy moth aerial spray area, King and Pierce Counties, Washington, 3-30 April 1992. 
Unpublished Report to State of Washington Department of Agriculture; 39 p. 


Crawford, R.L.; Crabo, L.G.; Shepard, J.H.; Austin, J. 1993. One-year monitoring of nontarget 
Lepidoptera: Asian gypsy moth aerial spray area, King and Pierce Counties, Washington, 30 
April - 13 May 1993. Unpublished Report to State of Washington Department of Agriculture; 
40 p. 


Crawford, R.L.; Austin, J. 1994. Two-year monitoring of nontarget Lepidoptera: Asian gypsy 
moth aerial spray area, King and Pierce Counties, Washington, 10 April-22 May 1994. 
Unpublished Report to State of Washington Department of Agriculture; 12 p. 


Crumb, S.E. 1956. The larvae of the Phalaenidae. Washington D.C.: Technical Bulletin 1135 
U.S. Department of Agriculture; 365 p. 


Forbes, W.T.M. 1948. Lepidoptera of New York and neighboring states. Part II. Geometridae, 
Sphingidae, Notodontidae, and Lymantriidae. Cornell University Agricultural Experimental 
Station Memoir 274; 263 p. 


Forbes, W.T.M. 1954. Lepidoptera of New York and neighboring states. Part III. Noctuidae. 
Cornell University Agricultural Experimental Station Memoir 329; 433 p. 


Forbes, W.T.M. 1960. Lepidoptera of New York and Neighboring States. Part IV. Agaristidae 
through Nymphalidae including Butterflies. Cornell University Agricultural Experimental 
Station Memoir 371; 188 p. 


Hall, S.P.; Schweitzer, D.F. 1993. A survey of the moths, butterflies, and grasshoppers of four 


Nature Conservancy preserves in Southeastern North Carolina. Report to the Nature 
Conservancy; Durham, NC; 174 p. 


92 


Hall, S.P. 1999. A survey of the moths, butterflies, and grasshoppers of Devil's Gut Nature 
Conservancy Preserve. Unpublished. 


Hampson, G.F. 1903. Catalogue of the Noctuidae in the Collection of the British Museum. 
Vol. IV. London; 450 p. 


James, R.R.; Miller, J.C.; Lighthart, B. 1993. Bacillus thuringiensis var. kurstaki affects a 
beneficial insect, the cinnabar moth (Lepidoptera: Arctiidae). Journal of Economic Entomology 
86:334-339. 


Johnson, K.S.; Scriber, M.; Nitao, J.K.; Smitley, D.R. 1995. Toxicity of Bacillus thuringiensis 
var. kurstaki to three nontarget lepidoptera in field studies. Environmental Entomology 24:288- 
297. 


LeGrand, H.E.; Hall, S.P. 1997. Natural Heritage List of the Rare Animals of North Carolina. 
Raleigh, NC: North Carolina Natural Heritage Program, Division of Parks and Recreation; 82 p. 


LaFontaine, D. 1997. Personal Communication to Dale Schweitzer. 


Lopanzanski, M.J.; Evans, J.P.; Shaw, R.E. 1988. An assessment of the maritime forest 
resources of the North Carolina coast. Raleigh, NC: NC Division of Coastal Management. 
108 p. 


McGuffin, W.C. 1967-1981. Guide to the Geometridae of Canada (Lepidoptera). Memoirs of 
the Entomological Society of Canada 50, 86, 101, and 117. 


McNab, W.H.; Avers, P.E. (compilers) 1994. Ecological subregions of the United States: Section 
descriptions. Administrative Publication WO-WSA-5. Washington, DC: USDA Forest Service; 
267 p. 


Miller, J.C. 1990a. Field assessment of the effects of a microbial pest control agent on nontarget 
Lepidoptera. American Entomologist 36:135-139. 


Miller, J.C. 1990b. Effects of a microbial insecticide, Bacillus thuringiensis kurstaki, on 
nontarget Lepidoptera in a Spruce Budworm-infested forest. Journal of Research on the 
Lepidoptera 29:267-276. 


Noss, R. F.; Peters, R. L. 1995. Endangered ecosystems: a status report on America’s vanishing 
habitat and wildlife. Washington, DC: Defenders of Wildlife; 132 p. 


Peacock, J.W.; Bullington, S.W. 1989. Evaluation of the impact of Bacillus thuringiensis on 


non-target Lepidoptera in the Shenandoah National Park. Proc. 1989 National Gypsy Moth 
Review, November 6-9, 1989; Annapolis. p. 214-219. 


93 


Peacock, J.W.; Schweitzer, D.F.; Carter, J.L.; Dubois, N.R. 1998. Laboratory assessment of the 
effects of Bacillus thuringiensis on native Lepidoptera. Environmental Entomology 27:450-457. 
Quinter, E. 1998. Personal Communication to Stephen Hall. 


Reardon, R.; Podgwaite J. 1996. Gypchek — the gypsy moth nucleopolyhedrosis virus product. 
FHTET-96-16: Morgantown, WV: USDA Forest Service; 31 p. 


Rindge, F.H. 1966. A revision of the moth genus Anacamptodes (Lepidoptera, Geometridae). 
Bulletin of the American Museum of Natural History 132 (3):178-234. 


Sample, B.E.; Butler, L.; Zivkovich, C.; Whitmore, R.C.; Reardon, R. 1996. Effects of Bacillus 
thuringiensis Berliner var. kurstaki and defoliation by the gypsy moth [Lymantria dispar (L.) 
(Lepidpotera: Lymatriidae)] on native arthropods in West Virginia. Canadian Entomologist 
128:573-592. 


Schafale, M.P. 1994. Inventory of longleaf pine natural communities in North Carolina. 
Raleigh, NC: North Carolina Natural Heritage Program, Division of Parks and Recreation; 230 p. 


Schafale, M.P.; Weakley, A.S. 1990. Classification of the natural communities of North 
Carolina; third approximation. Raleigh, NC: North Carolina Natural Heritage Program, Division 
of Parks and Recreation; 325 p. 


Sorrie, B.A.; Weakley, A.S. 1998. Endemic vascular plant taxa of the Atlantic and Gulf Coastal 
Plain. SIDA Botanical Miscellany. 


U.S. Department of Agriculture. 1992. Environmental Assessment, U.S. Department of 
Agriculture and States of Oregon and Washington Cooperative Asian gypsy moth eradication 
project. Washington, DC: USDA Animal and Plant Health Inspection Service; Biotechnology, 
Biologics, and Environmental Protection Environmental Analysis and Documentation; 12 p. 


U.S. Department of Agriculture. 1994. Gypsy Moth Eradication Project: Environmental 
Assessment for Bladen, Brunswick, Columbus, New Hanover, and Pender Counties, North 
Carolina. Washington, DC: USDA Animal and Plant Health Inspection Service; North Carolina 
Department of Environment, Health and Natural Resources, Division of Forest Resources; and 
the North Carolina Department of Agriculture; 23 p. 


U.S. Department of Agriculture. 1995. Gypsy moth management in the United States: a 
cooperative approach. Final Environmental Impact Statement. Washington, DC; USDA Forest 


Service and Animal and Plant Health Inpection Service; 5 volumes. 


Wagner, D.L.; Hohn, F. 1997. Personal communication to Dale Schweitzer. 


94 


Wagner, D.L.; Peacock, J.W.; Carter, J.L.; Talley, S.E. 1996. Field assessment of Bacillus 
thuringiensis on nontarget Lepidoptera. Environmental Entomology 25:1444-1454. 


Weakley, A.S.; Patterson, K.D.; Landaal, S$; Pyne, M. (compilers) 1998. International 
classification of ecological communities: terrestrial vegetation of the Southeastern United States; 
working draft of March 1998. Chapel Hill, NC: The Nature Conservancy, Southeast Regional 
Office, Southern Conservation Science Department; 689 p. 


Bh) 


ae eager 
atid baer Bop) trak witha 7 
PRM faerie rd se scien Sik A 
- : +t ae ntrehead iene nia A> Wyse 
\ Powe Tee: —— Roary “al OUeerrs ine F 





? _ s : > 
a4 7. » wai -. wee ve btleeinas it ae i ; So _ 
tag ealeg (Pea tea. Aaah BE Ga VY the oD DH | + > : 
‘ iri) £ witaliibdens’ 26 cetinn wees fn Weis eg 06 
7 . 7 T 7 
~ i 
oe, BAD SNE TAerr ai ut 2e hoa! + cS earn) Oy : 
7 wi 4 6 a 1hhaW Ff ioe ta TIOM, | ; es 
7 a) > » 
. ¥ - teat fp a maT : 
; f > SS 4 ints an Cerri i, OS 
ba - : 
ue 
xt 7 nd Sue 7 iz 14 ' Pi | ; 7 
4 e 2 For : 0 - Py <A 
| . ; : = 
; Vee Ay jay. OSL, eet ela) A. aor. 1.4, 
Lo po f gon ere ta aie, € ny OGRVIe 4244 Ge € : 
ale igttie PE: 120 Gael gad FRA Mare Inspect. wt Serve. nd ‘ 
pa. elt © pein hd, ileal fasiyeis 24 Doce 
| Pipe Canoe OS Seat FRM, ref A Venice 4s i tepees: Geni lsens c 
miler Sant inege th, Culer ban, Sey Lenaiee, and Jygee Cesuies. 3 ce 7 


: x Se teegoes 14 ‘DA: Sedel a4 Papal Hie blouse he : 15 
ingen eet Sup aout, Cutih tek Kenan) Derccyens, pane Fare Raa ma 
hd ee ange ——e ? aa a 


———s > © 


_ a 27> > : 


a7 : ; i aor: , 7 
‘ pelea vo se - el ele 
> iain) — — : 7 ae toe th 
a _ - 7 = 
aN — a : _ . 7 7 ; ae 
Oe Los “y l= rie : 2h 
a F : a _ = ys 3 a 7 





NATIONAL AGRICULTURAL LIBRARY 


~WELIATNE 


1022461048 


| 


